ill 

'r 

VI 

IBM  j 

|| 

III 

38 

y 

CD 

CD 

CO 

3 

S~7^  r~"  - I 


V- 


FINAL 


ENVIRONMENTAL  STATEMENT 


FOR  THE 


GEOTHERMAL  LEASING  PROGRAM 


REPORT  IN  FOUR  VOLUMES 

I.  PROMULGATION  OF  LEASING  AND  OPERATING  REGULATIONS 

II.  LEASING  OF  GEOTHERMAL  RESOURCES  IN  THREE  CALIFORNIA  AREAS 

III.  PROPOSED  GEOTHERMAL  LEASING  AND  OPERATING  REGULATIONS 

IV.  COMMENTS  ON  DRAFT  IMPACT  STATEMENT  AND  PROPOSED  REGULATIONS 

Volume  I of  IV 


PROMULGATION  OF  LEASING  AND  OPERATING  REGULATIONS 

FOR  THE 

GEOTHERMAL  LEASING  PROGRAM 


1973 


rfho  \2>(od?3 


Bureau 

Library  8nver  Fe 
Bl08  „r  CO  30226 

Denver, 


:ment 

Fedeta\  Center 


Land  Management  y 


•51/ 
l'.  / 


DEPARTMENT  OF  THE  INTERIOR 


BLU  Library 
D-653A,  Building  50 
Denver  Federal  Center 
P*  O.  Box  25047 
Denver,  CO  80225-0047 


TB 

/*s" 

i <£)  V 

<S  Vt/2 

(*173 

l/,  / 


FINAL  ENVIRONMENTAL  STATEMENT 
FOR  THE 

GEOTHERMAL  LEASING  PROGRAM 


Prepared  by 

Office  of  the  Secretary 


Department  of  the  Interior 


Qt$ntbiiu%  ,A 

W-'T  >*.*•.*  •'  " * 

vmv* .;  w:i  .o  ,r: 
VW0'^,‘O1'  l'*1  * •*v'1 


FINAL  ENVIRONMENTAL  STATEMENT 
FOR  THE 

GEOTHERMAL  LEASING  PROGRAM 
Volume  I of  IV 


Description  of  the  Proposal 
The  Energy  and  Environmental  Setting 
Geothermal  Energy  Resources  and  Potentials 
Development  of  Geothermal  Resources 
Description  of  the  Environment 

Promulgation  of  Leasing  and  Operating  Regulations 
Environmental  Impact  of  the  Proposed  Action 
Mitigating  Measures  Included  in  the  Proposed  Action 
Adverse  Impacts  Which  Cannot  Be  Avoided 

Short-term  Uses  of  the  Environment  and  Long-term  Productivity 
Irreversible  and  Irretrievable  Commitments  of  Resources 
Alternatives  to  the  Proposed  Action 


Prepared  in  Compliance  With 
Section  102  (2)  (C)  of  the  National  Environmental 
Policy  Act  of  1969 

Prepared  by 

UNITED  STATES  DEPARTMENT  OF  THE  INTERIOR 

1973 

i 


For  mile  by  the  Superintendent  of  Documents,  U.S.  Government  Printing  Office 
Washington,  D.C.  20402  - Price  $4.20 
Stock  Number  2400-00780 


SUMMARY 


Final  Environmental  Statement 

Department  of  the  Interior,  Office  of  the  Secretary 

1.  Administrative  type  of  action 

2 . Brief  description  of  action 

The  Secretary  of  the  Interior  is  charged  with  the  implementation  of 
the  Geothermal  Steam  Act  of  1970  (30  USC  1001-1025(1970)  which  pro- 
vides for  the  development  of  federally  owned  geothermal  resources. 
Section  3 of  the  Act  defines  the  public  lands  potentially  available 
for  geothermal  leasing.  These  include  principally:  (1)  public,  with- 
drawn, and  acquired  lands  administered  by  the  Secretary  of  the 
Interior  (approximately  451  million  acres  in  25  States);  (2)  national 
forests  and  other  lands  administered  by  the  Forest  Service,  Depart- 
ment of  Agriculture  (approximately  187  million  acres  in  45  States  and 
Puerto  Rico);  and  (3)  lands  containing  a reservation  to  the  United 
States  of  the  geothermal  resources.  These  lands  total  638  million 
acres.  The  most  promising  geothermal  resource  areas  appear  to  be 
located  predominantly  in  the  11  western  States  and  Alaska. 

Included  in  this  proposed  action  are:  (1)  the  promulgation  of  leasing 
and  operating  regulations  pursuant  to  which  the  program  would  be 
administered;  and  (2)  the  leasing  of  federally  owned  geothermal  re- 
sources for  development  in  three  specific  areas:  (a)  Clear  Lake- 
Geysers;  (b)  Mono  Lake- Long  Valley;  and  (c)  Imperial  Valley,  all  in 
California. 

3.  Summary  of  environmental  impact  and  adverse  environmental  effects 

Lands  under  consideration  for  geothermal  leasing  presently  are  sub- 
ject to  use  for  grazing,  forestry,  mining  and  other  mineral  produc- 
tion, fish  and  wildlife  habitat,  outdoor  recreation,  and  watersheds. 

Development  of  geothermal  resources  entails  construction  of  access 
roads  and  well  sites,  drilling  and  testing  of  wells,  conveyance  of 
steam  over  short  distances  to  electric  power  plants  and  by-product 
processing  plants,  construction  and  operation  of  electric  power 
plants,  by-products  facilities,  electrical  transmission  lines,  and 
facilities  for  disposing  of  waste  liquids. 

Locally,  land  would  be  preempted  or  restricted  from  uses  such  as 
wildlife  habitat,  recreational  use,  grazing,  etc.  Terrain  would  be 
modified  through  construction  of  roads,  wells,  pipelines,  and  indus- 
trial facilities.  Noise  and  noxious  gaseous  emissions  could  pose 
problems  during  testing  and  production.  Possible  adverse  effects 
include  land  subsidence  due  to  production  of  fluids  and  increased 
seismicity  due  to  production  and  reinjection  of  fluid  wastes  into 
producing  zones. 
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4. 


Alternatives  considered 


A.  Alternative  timing  of  actions 

(1)  Do  not  initiate  a leasing  program 

(2)  Delay  pending  additional  environmental  evaluation 

(3)  Delay  pending  new  or  improved  technologies 

B.  Alternative  regulation  environmental  provisions 

C.  Alternatives  for  leasing  of  geothermal  resources 

D.  Alternatives  for  exploration  and  development 

E.  Alternative  sources  for  electrical  energy 

5.  Comments  have  been  requested  and  received  from  the  following: 
(See  list  next  page) 

6.  Date  made  available  to  CEQ  and  the  public: 

Draft  statement:  October  6,  1971 

Supplement  to  draft  statement:  May  3,  1972 

Final  statement:  October  1973 
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Comments  have  been  requested  from  the  following: 

Atomic  Energy  Commission 
Department  of  Agriculture 
Department  of  Commerce 
Department  of  Defense 
Department  of  the  Army 

Department  of  Health,  Education  and  Welfare 

Environmental  Protection  Agency 

Federal  Power  Commission 

State  of  Alaska 

State  of  Arizona 

State  of  California 

State  of  Colorado 

State  of  Hawaii 

State  of  Idaho 

State  of  Montana 

State  of  Nevada 

State  of  New  Maxico 

State  of  Oregon 

State  of  Utah 

State  of  Washington 

State  of  Wyoming 

Association  of  Bay  Area  Governments 
Imperial  County  Administrator  (California) 

Lake  County  Administrator  (California) 

Mendocino  County  Administrator  (California) 

Mono  County  Administrator  (California) 

Sonoma  County  Administrator  (California) 

Sacramento  Regional  Area  Planning  Commission  (California) 
Southern  California  Association  of  Governments 
Washoe  County  Regional  Planning  Commission  (Nevada) 


Comments  have  been  received  from  the  following: 

Senator  Alan  Bible 
Senator  Mark  Hatfield 
Representative  Craig  Hosmer 
Atomic  Energy  Commission 
Department  of  Agriculture 
Department  of  the  Army 
Department  of  Commerce 

Department  of  Health,  Education  and  Welfare 

Department  of  the  Interior 

Environmental  Protection  Agency 

State  of  Alaska 

State. of  Arizona 

State  of  California 

State  of  Colorado 

State  of  Montana 


State  of  Nevada 

State  of  Oregon 

State  of  Utah 

State  of  Washington 

City  of  Los  Angeles 

Imperial  County,  California 

ABT  Association 

Aidlin,  Martin  and  Mamakos 

American  Public  Power  Association 

American  Thermal  Resources,  Inc. 

Anadarko  Production  Co. 

Birchan  Corporation 
California  Farm  Bureau  Federation 
Center  for  Law  and  Social  Policy 
Crego,  William  0. 

Duke  University 
Dunn,  Franklin 

Economic  Opportunity  Commission  of  Imperial  County,  Inc. 
Finn,  Donald  F.  X. 

Garrison,  Lowell  E. 

Geothermal  Resources  International 
Getty  Oil  Company 
Gilmore  and  Gilmore 
Groh,  Edward  A. 

Gulf  Oil  Company 

International  City  Management  Association 
Jessen,  Frank  W. 

Lake  County  Geothermal  Control  Council 
Mackay  School  of  Mines 
Magma  Power  Company 
National  Association  of  Counties 
National  League  of  Cities 

National  League  of  Cities,  U.  S.  Conference  of  Mayors 
Natomas  Company 

Occidental  Petroleum  Corporation 
O'Neill,  Joseph  I. 

Oregon  Environmental  Council 
O'Rourke,  John  T. 

Pacific  Gas  and  Electric  Company 
Phillips  Petroleum  Company 
Portland  State  University 
Rowan,  George  D. 

Rust  Engineering  Company 
Sierra  Club 

Signal  Oil  and  Gas  Company 
Simis,  Mrs.  Jan  0. 

Southern  California  Edison  Company 
Southern  Pacific  Land  Company 
Standard  Oil  Company  of  California 
Sun  Oil  Company 
Texaco,  Inc. 

Transcontinental  Power  Company 
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Trout  Unlimited 
Union  Oil  Company 

University  of  California,  Berkeley 
Washington  Environmental  Council 
Washington  State  Sportsmen's  Council,  Inc. 
Western  Geothermal,  Inc. 

Western  Rockhound  Association,  Inc. 
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INTRODUCTORY  NOTES , VOLUME  I 


This  Final  Environmental  Statement  consists  of  four  volumes: 


Volume  I. 
Volume  II. 


Volume  III. 
Volume  IV. 


Promulgation  of  Leasing  and  Operating  Regulations 

Leasing  of  Federally  Owned  Geothermal  Resources  for 
Development  in  Three  California  Areas 

Proposed  Regulations  and  Comments 

Comments  on  Draft  Impact  Statement  and  Proposed 
Regulations 


The  Draft  Environmental  Statement  for  the  Geothermal  Leasing  Program  was 
released  by  the  Department  of  the  Interior  on  October  6,  1971.  Notice 
of  availability  of  the  Draft  Statement  was  published  in  the  Federal  Reg- 
ister, October  6,  1971.  The  notice  also  announced  that  public  hearings 
were  to  be  held  in  Reno,  Nevada;  Sacramento,  California;  and  Portland, 
Oregon.  The  published  notice  announced  that  written  comments  would  be 
received  on  the  Draft  Statement  for  a period  of  45  days  after  the  publi- 
cation of  the  notice. 


On  May  3,  1972,  supplements  to  the  Draft  Statement  were  issued  which  re- 
vised Chapter  IV,  Section  C,  Alternatives  to  the  Proposed  Action,  and 
added  Appendix  G,  Energy  Alternatives,  and  Appendix  H,  Proposed  Unit  Plan 
Regulations.  Notice  of  availability  of  the  supplements  was  published  in  * 
the  Federal  Register,  May  3,  1972.  The  comment  period  on  the  original 
draft  impact  statement,  the  supplemental  draft,  and  all  the  geothermal 
leasing,  operating  and  unit  regulations  was  extended  to  June  19,  1972. 

Proposed  leasing  and  operating  regulations  to  implement  the  Geothermal 
Steam  Act,  Public  Law  91-581,  December  24,  1970,  were  published  in  the 
Federal  Register  on  July  23,  1971;  revised  and  published  in  the  Federal 
Register  on  November  29,  1972;  revised  and  published  in  the  Federal  Reg- 
ister on  July  23,  1973;  and  corrected  in  the  Federal  Register  on  August  8, 
1973.  Proposed  unit  plan  regulations  were  published  in  the  Federal  Reg- 
ister on  May  3,  1972;  revised  and  published  in  the  Federal  Register  on 
November  29,  1972;  revised'^and' published  in  the  Federal  Register  on  July  23, 
1973;  and  corrected  in  the  Federal  Register  on  August  8,  1973. 

Public  Hearings  were  held  in  Reno,  Nevada,  on  November  9,  1971: 

Sacramento,  California,  on  November  11,  1971;  and  Portland,  Oregon,  on 
November  12,  1971. 

Written  comments  received  in  response  to  the  Draft  Statement  and  the 
proposed  regulations  are  included  in  Volume  IV  of  the  Final  Impact 
Statement.  Reproductions  of  the  written  comments  received  in  response 
to  the  |*roposed  regulation  revisions  issued  in  1973  and  1972  are  inclu- 
ded ih  volume  III,  Appendix  A-B  and  Appendix  C-D  of  this  Final  Impact 
Statement. 
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Written  comments  and  hearings  material  were  systematically  indexed  by 
the  Department  of  the  Interior  and  the  indexed  material  was  made  avail- 
able to  the  specialists  involved  in  the  revision  of  the  proposed  regu- 
lations and  in  the  preparation  of  the  Final  Impact  Statement.  These 
materials  are  available  for  public  inspection  in  the  Office  of  the  Geo- 
thermal Coordinator,  U.S.  Department  of  the  Interior,  Washington,  D.C., 
20240. 

Volume  I of  this  statement  primarily  relates  to  the  promulgation  of 
leasing  and  operating  regulations  for  implementation  of  the  geothermal 
leasing  program  as  authorized  by  the  Geothermal  Steam  Act  of  1970 
(30  USC  1001-1025  (1970) . The  proposal  is  described  in  Chapter  I.  The 
national  energy  situation,  geothermal  energy  resources  and  their  poten- 
tials, description  of  resource  development  and  production  phases  and  a 
broad  description  of  the  environmental  setting  of  the  western  states 
are  included  in  Chapter  II.  The  promulgation  of  leasing  and  operating 
regulations,  the  environmental  impacts  of  the  proposed  action,  mitigating 
measures,  adverse  impacts  which  cannot  be  avoided,  the  relationships  be- 
tween local  short-term  uses  of  man's  environment  and  maintenance  and  en- 
hancement of  long-term  productivity,  and  irreversible  and  irretrievable 
commitments  of  resources  are  discussed  in  detail  in  Chapter  III.  Chap- 
ter IV  includes  discussions  of  alternatives  for  timing  of  actions,  en- 
vironmental provisions  of  regulations,  leasing  options,  Federal  and  pri- 
vate exploration  and  development  and  electrical  energy  sources. 

Volume  II  primarily  covers  the  environmental  evaluations  for  the  three 
areas  in  California  being  considered  for  leasing  (Clear  Lake-Geysers, 

Mono  Lake-Long  Valley  and  Imperial  Valley) . These  statements  generally 
follow  the  same  format  as  used  in  Volume  I but  with  particular  emphasis 
on  environmental  considerations  pertaining  to  each  area.  General  en- 
vironmental information  as  contained  in  Volume  I is  not  repeated  in  the 
individual  statements  unless  such  is  needed  to  facilitate  the  descrip- 
tion of  actions,  mitigating  measures  and  environmental  impacts.  Also 
included  in  this  volume  are  summaries  of  comments  and  Departmental  re- 
sponses relative  to  the  Draft  Environmental  Impact  Statement,  descrip- 
tion of  the  consultation  and  coordination  involved  in  the  development 
of  the  proposal  and  the  Draft  Statement,  and  coordination  in  the  review 
of  the  Draft  Statement.  Large  scale  maps  of  the  three  proposed  lease 
areas  are  included  in  the  pocket  at  the  end  of  this  volume. 

Volume  III  consists  of  copies  of  the  various  Federal  Register  publica- 
tions of  proposed  leasing  and  operating  regulations  and  related  informa- 
tion as  follows: 

Appendix  A - July  23,  1973  Proposed  Regulations  for  Leasing  on 
Public,  Acquired  and  Withdrawn  Lands;  Revision  of 
Proposed  Rule  (Including  corrections  of  August  8, 

1973) 
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Appendix  B - July  23,  1973  Proposed  Regulations  for  Operations  on 
Public,  Acquired  and  Withdrawn  Lands  and  Geothermal 
Resources  Unit  Plan  Regulations 

Appendix  A-B-Copies  of  comments  received  in  response  to  the  July  23, 
1973  proposed  regulations 

Appendix  C - November  29,  1972  proposed  leasing  regulations  and 
summary  of  documents  and  Departmental  responses 

Appendix  D - November  29,  1972  proposed  operating  regulations  and 
summary  of  comments  and  Departmental  responses 

Appendix  C-D-Copies  of  comments  received  in  response  to  the 
November  29,  1972  proposed  regulations 

Appendix  E - July  23,  1971  proposed  leasing  and  operating  regula- 
tions and  May  3,  1972  supplement 

Appendix  F - Summary  of  comments  and  Departmental  responses  to  the 
July  23,  1971  and  May  3,  1972  proposed  regulations 

Appendix  G - Vapor  Dominated  Hydrothermal  Systems  Compared  with 
Hot- Water  Systems 

Appendix  H - Classification  of  Public  Lands  Valuable  for  Geothermal 
Steam  and  Associated  Geothermal  Resources 

Volume  IV  includes  copies  of  all  comments  received  on  the  Draft  Environ- 
mental Impact  Statement  and  the  proposed  regulations  of  July  23,  1971 
and  May  3,  1972.  Also  included  in  this  volume  are  copies  of  transcripts 
of  the  hearings  held  at  Reno,  Nevada  on  November  9,  1971;  Sacramento, 
California  on  November  11,  1971;  and  Portland,  Oregon  on  November  12, 
1971. 
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AVAILABILITY  OF  FINAL  ENVIRONMENTAL  IMPACT  STATEMENT 


The  four-volume  set  may  be  purchased  as  a complete  set  or  as  individual 
volumes  from  the  Superintendent  of  Documents,  U.S.  Government  Printing 
Office,  Washington,  D.C.  20402;  the  Map  Information  Office,  Geological 
Survey,  U:S.  Department  of  the  Interior,  Washington,  D.C.  20240;  and  the 
Bureau  of  Land  Management  State  Offices  at  the  following  addresses: 

555  Cordova  Street 
Anchorage,  Alaska  99501 

Room  3022,  Federal  Building 
Phoenix,  Arizona  85025 

Federal  Office  Building 
2800  Cottage  Way 
Sacramento,  California  95825 

Room  700,  Colorado  State  Bank  Building 

1600  Broadway 

Denver,  Colorado  80202 

Room  334,  Federal  Building 
550  West  Fort  Street 
Boise,  Idaho  93724 

Federal  Building  and  U.S.  Court  House 
316  North  26th  Street 
Billings,  Montana  59101 

Room  3008,  Federal  Building 
300  Booth  Street 
Reno,  Nevada  89502 

U.S.  Post  Office  and  Federal  Building 

South  Federal  Place 

Santa  Fe,  New  Mexico  87501 

729  N.E.  Oregon  Street 
Portland,  Oregon  97208 

125  South  State 

Salt  Lake  City,  Utah  84138 

U.S.  Post  Office  and  Court  House  Building 
2120  Capital  Avenue 
Cheyenne,  Wyoming  82001 

Inspection  copies  are  available  in  the  Library  and  the  Office  of  the 
Geothermal  Coordinator,  U.S.  Department  of  the  Interior,  Washington,  D.C. 
20240,  and  at  depository  libraries  located  throughout  the  Nation.  The 
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Superintendent  of  Documents  may  be  consulted  for  information  regarding 
the  location  of  such  libraries.  Inspection  copies  also  are  available 
in  all  of  the  Bureau  of  Land  Management  State  Offices  listed  above  and 
in  the  following  Bureau  of  Land  Management  District  Offices: 

Fairbanks  District  Office 
1028  Aurora  Drive 
P.0.  Box  1150 
Fairbanks,  Alaska  99707 

1414  University  Avenue 
Riverside,  California  92502 

Eastern  States  Land  Office 

7981  Eastern  Avenue 

Silver  Spring,  Maryland  20910 

Outer  Continental  Shelf  Office 
Room  T-9003,  Federal  Office  Building 
701  Loyola  Avenue 
New  Orleans,  Louisiana  70113 

Room  311,  U.S.  Federal  Building 
800  Truxton  Avenue 
Bakersfield,  California  93301 

168  Washington  Avenue 
Ukiah,  California  95482 
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CHAPTER  I 


DESCRIPTION  OF  THE  PROPOSAL 

A.  INTRODUCTION 

The  proposed  action  involves  the  leasing  of  federally  owned  geothermal 
resources  for  exploration  and  development  pursuant  to  the  Geothermal 
Steam  Act  of  1970.  This  environmental  impact  statement  is  issued  in  com- 
pliance with  the  requirements  of  Section  102(2) (c)  of  the  National  Environ- 
mental Policy  Act  of  1969  (42  U.S.C.  4332(2) (c))  with  respect  to  the  adop- 
tion of  leasing,  operating,  and  unit  plan  regulations  pursuant  to  which 
the  program  would  be  administered,  and  the  subsequent  leasing  of  federally 
owned  geothermal  resources  in  three  specific  areas--Clear  Lake-Geysers, 

Mono  Lake-Long  Valley,  and  Imperial  Valley,  all  in  California.  Specific 
evaluations  of  the  potential  environmental  impact  of  geothermal  develop- 
ment and  related  activities  for  these  three  areas  are  included  in  this 
statement  (Vol.  II,  Ch.  V). 

The  development  of  geothermal  steam  and  associated  resources  involves 
the  harnessing  of  the  natural  heat  energy  sources  in  the  earth  for  the 
generation  of  electric  power  and  the  production  of  commercially  valuable 
by-products . 

The  use  of  geothermal  steam  as  a source  for  electric  energy  is  still,  in 
large  part,  in  the  investigative  stages.  Commercial  geothermal  devel- 
opment in  the  United  States  to  date  is  small,  existing  in  only  one  area 
in  California,  and  only  there  since  about  1960.  Developments  in  Italy 
have  existed  since  about  the  turn  of  the  century.  Worldwide  geothermal 
exploration  and  development  in  1970  was  limited  to  six  fields  (Table  1-1) 
with  a total  present  capacity  of  about  1,000  MW.  Development  of  geo- 
thermal resources  is  similar  to  oil  and  gas  production  operations  in 
that  hot  water  and  steam  are  produced  from  the  earth  through  drilled 
holes.  Operating  plants  for  converting  the  steam  to  electrical 
energy  consist  of  low  pressure  steam-turbine  systems  similar  to  those 
in  use  in  the  early  1920's.  New  technology  should  expand  the  use  and 
adaptability  of  the  resource  beyond  its  current  limitations  to  include 
more  efficient  conversion  of  heat  energy  stored  in  the  geothermal  fluids 
to  electrical  energy. 

In  meeting  future  energy  demand,  the  Nation  must  use  many  available 
sources  of  energy--coal , gas,  oil,  hydroelectric,  and  nuclear  among 
the  more  important --and  no  one  source  is  an  exclusive  alternative  to 
any  or  all  of  the  other  sources.  In  this  context,  geothermal  energy 
hopefully  would  be  a feasible  means  of  supplementing  other  forms  of 
electric  power  generation  on  the  local  scale.  Under  present  tech- 
nological and  economic  conditions,  however,  geothermal  electric 
power  cannot  be  expected  to  replace  significant  amounts  of  other  forms  of 
electric  generation.  Estimates  of  geothermal  energy  percentage  of  total 
national  electrical  power  capacity  by  the  year  2000  range  from  a low  of 
1 percent  to  a high  of  20  percent,  with  most  estimates  in  the  low  part 
of  this  range  (see  Ch.  II-B  for  detail). 
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Table  1-1.  General  characteristics  of  some  geothermal  electric  power  operations  in  1970 
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The  short-range  prospects  for  geothermal  power  generation  are  most 
promising  in  California  where  favorable  geologic  conditions  coincide 
with  a heavy  demand  for  electrical  generating  capacity.  The  present 
commercial  development  at  The  Geysers  field  in  northern  California 
compares  favorably  in  cost  with  competing  sources  of  power  in  that  area 
and  appears  to  have  the  added  advantage  of  being  less  detrimental  to 
the  environment  as  compared  to  fossil  or  nuclear  fueled  steam-electric 
plants,  which  are  the  principal  present  alternatives.  At  The  Geyers, 
geothermal  steam-electric  capacity  as  of  early  1973  was  298MW.  Present 
plans  call  for  the  addition  of  110  MW  in  both  1973  and  1974  to  reach  a 
total  installed  capacity  of  518  MW.  Beyond  1974,  the  Pacific  Gas  and 
Electric  Company  (PG&E)  tentatively  has  scheduled  installation  of  at 
least  100  MW  of  new  capacity  per  year,  depending  upon  availability  of 
steam.  Estimated  ultimate  capacity  of  The  Geysers  field  is  1,000  to 
2,000  MW,  but  this  remains  to  be  proven.  Thus,  in  the  PG&E  system,  it 
is  clear  that  development  of  The  Geysers  is  a viable  alternative  to 
additional  generating  capacity  using  fossil  or  nuclear  fuels. 

Elsewhere  in  California,  favorable  areas  for  prospecting  are  the  Imperial 
Valley  area  and  the  Mono  Lake- Long  Valley  area.  Test  drilling  in  both 
areas  suggests  promising  prospects  for  commercial  power  development.  In 
both  areas  the  handling  and  disposal  of  large  volumes  of  water  may  pose 
significant  technical,  economic,  and  environmental  problems  that  must  be 
resolved  before  large-scale  power  development  could  proceed.  The  feasi- 
bility of  commercial  power  generation  in  the  United  States  still  remains 
to  be  demonstrated  except  at  The  Geysers. 

B.  LEASING  OF  GEOTHERMAL  RESOURCES 

Proposed  leasing  and  operating  regulations'  to  implement  the  Geothermal 
Steam  Act  were  published  in  the  Federal  Register  on  July  23,  1971,  re- 
vised and  published  in  the  Federal  Register  on  November  29,  1972,  and 
further  revised  and  published  in  the  Federal  Register  on  July  23,  1973, 
and  corrected  in  the  Federal  Register  on  August  8,  1973.  Proposed  unit 
plan  regulations  were  published  in  the  Federal  Register  on  May  3,  1972, 
revised  and  published  in  the  Federal  Register  on  November  29,  1972,  and 
further  revised  and  published  in  the  Federal  Register  on  July  23,  1973 
(copies  are  included  in  Appendices  A through  E) . These  regulations 
provide  the  framework  for  leasing,  exploration,  development,  and  utili- 
zation of  geothermal  resources  on  public  lands,  consistent  with  multiple- 
use  management  objectives. 

Some  1.8  million  acres  have  been  identified  as  of  August  1972  to  have 
significant  potential  for  geothermal  resource  development  and  have 
accordingly  been  classified  as  Known  Geothermal  Resources  Areas  (KGRA's) 
(Figure  1-1  and  Appendix  H) . Announcements  of  these  classifications 
were  published  in  the  Federal  Register  (36  F.R.  5626,  5627,  as  corrected, 
36  F.R.  6118;  36  F.R.  6441,  6442;  36  F.R.  7319,  7320,  as  corrected, 

36  F.R.  7759  and  36  F.R.  19409).  Any  additional  classification  will  be 
published  in  the  Federal  Register  as  soon  as  possible  after  it  has  been 
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Figure  1-1.  Known  geothermal  resources  areas 


Detailed  land  descriptions  of  these  areas  have  been  published  in  the 
Federal  Register,  v.  36,  p.  5626,  March  25,  1971;  v,  36,  p.  6118, 
April  2,  1971;  v.  36,  p.  6441,  April  3,  1971;  v.  36,  p.  7319,  April 
17,  1971;  v.  36,  p.  7759,  April  24,  1971  and  v.  36,  p.  19409,  October 
5,  1971. 
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made.  Leasing  in  an  area  classified  as  a KGRA  will  be  by  competitive 
bidding;  leasing  on  other  eligible  lands  will  be  on  a noncompetitive 
basis . 

Lands  eligible  for  geothermal  leasing  include:  (1)  certain  lands  admin- 
istered by  the  Secretary  of  the  Interior,  (2)  lands  administered  by  the 
Department  of  Agriculture  through  the  Forest  Service,  and  (3)  lands 
which  have  been  conveyed  by  the  United  States  subject  to  a reservation 
to  the  United  States  of  geothermal  resources. 

Lands  administered  by  the  Department  of  the  Interior  not  available  for 
geothermal  leasing  or  development  include:  (1)  lands  administered  by  the 
National  Park  Service,  (2)  lands  within  a National  Recreation  Area, 
a fish  hatchery  administered  by  the  Department  of  the  Interior,  wild- 
life range,  wildlife  refuge,  game  range,  wildlife  management  area,  or 
waterfowl  protection  area,  (3)  lands  reserved  for  protection  and  con- 
servation of  wildlife  species  threatened  with  extinction,  (4)  tribally 
or  individually  owned  Indian  trust  or  restricted  lands,  and  (5)  lands 
which  may  be  temporarily  withdrawn  from  certain  or  all  applications 
for  uses  pending  classification.  Geothermal  leasing  in  areas  desig- 
nated as  wild  or  wilderness  areas  must  be  compatible  with  the  desig- 
nation and  purpose  of  these  areas.  Under  the  Wilderness  Act  (Public 
Law  88-577,  Section  4(4)),  wilderness  and  wild  areas  are  not  excluded 
from  development  of  power  projects  or  transmission  lines  and  other 
items  if  such  use  or  uses  in  the  specific  area  are  determined  by  the 
President  to  better  serve  the  interests  of  the  United  States  and  the 
people  thereof  than  would  the  denial  of  such  use. 

C.  ENVIRONMENTAL  EVALUATIONS 

The  policy  of  the  Federal  Government  pursuant  to  the  Geothermal  Steam 
Act  of  1970  is  to  encourage  development  and  use  of  geothermal  re- 
sources consistent  with  the  principles  of  multiple  use  of  land  re- 
sources as  defined  in  the  Classification  and  Multiple  Use  Act  of 
September  19,  1964  (78  Stat.  986,  43  Y.S.C.  1411)  and  43  CFR  2420  and 
Multiple  Mineral  Development  Act  of  August  13,  1954  (68  Stat.  708, 

30  U.S.C.  521). 

The  issuance  of  a geothermal  lease  would  be  a short-term  commitment  for 
intensive  exploration,  which  may  produce  a long-range  commitment  on  the 
part  of  the  Federal  Government  to  permit  geothermal  energy  production 
from  Federal  lands  under  continuing  regulation  and  environmental  control. 
Because  of  the  wide  geographical  distribution  of  lands  affected  by  the 
leasing  program,  extreme  variability  of  ecological  and  geologic  factors 
affecting  these  lands,  and  limited  experience  in  geothermal  resource 
development,  it  is  not  possible  to  include  in  this  statement  details  for 
all  potential  individual  lease  areas  and  the  specific  environmental  impacts 
that  might  pertain  to  each  area.  Specific  details  will  be  identified, 
evaluated,  and  described  in  the  environmental  analysis  record  prepared 
for  each  lease  area  prior  to  any  leasing  action. 
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Certain  specific  environmental  data  are  lacking  at  this  time  for  some 
lease  sites  in  the  three  proposed  lease  areas.  Prior  to  lease-site 
selection,  a site  sensitive  environmental  evaluation  will  be  conducted 
with  respect  to  land,  air,  water,  and  biotic  resources.  However,  a 
complete  analysis  of  the  nature  of  the  geothermal  resources  and  its  po- 
tential effect  on  the  environment  may  not  be  possible  in  most  cases 
prior  to  the  completion  of  the  production  testing  phase  of  lease  operations. 

If  information  developed  after  the  submission  of  this  environmental  state- 
ment indicates  a significant  additional  impact  upon  the  quality  of  the 
environment  could  result  from  lease  operations  within  the  three  specific 
areas  covered  by  this  statement,  a supplemental  or  separate  environmental 
statement  may  be  necessary. 

It  is  recognized  that  the  issuance  of  geothermal  leases  in  other  proposed 
leasing  areas  may  constitute  major  Federal  action  significantly  affecting 
the  quality  of  the  human  environment,  thus  requiring  the  preparation  and 
dissemination  of  environmental  statements  in  accordance  with  the  provi- 
sions of  the  National  Environmental  Policy  Act  of  1969. 

Prior  to  any  subsequent  leasing  action,  the  Department  will  seek  the 
input  of  the  interdisciplinary  skills  from  affected  local,  State,  and 
Federal  agencies  in  conducting  environmental  evaluation.  The  Bureau  of 
Land  Management  will  coordinate  the  environmental  evaluations  on  tracts 
selected  to  be  leased.  The  Geological  Survey  will  coordinate  the  evalu- 
ation of  impacts  which  were  not  apparent  during  the  original  review  on 
tracts  leased  under  the  Geothermal  Steam  Act.  Where  the  interdisciplin- 
ary evaluations  or  studies  of  any  lease  program  reveal  that  a particular 
activity  may  constitute  major  Federal  action  significantly  affecting  the 
human  environment,  which  is  not  covered  by  this  statement,  an  environ- 
mental statement  will  be  prepared  and  circulated  in  accordance  with 
Section  102(2) (c)  of  the  National  Environmental  Policy  Act.  Prior  to 
the  construction  of  power  plants  and  transmission  lines,  and  possibly  of 
by-product  water  and  mineral  extraction  facilities,  further  environ- 
mental evaluation  will  be  made.  If  there  are  significant  potentially 
adverse  environmental  impacts  not  previously  considered,  an  additional 
environmental  statement  may  be  necessary. 

D.  MINERAL  MANAGEMENT  POLICY 

It  is  the  Department  of  the  Interior's  mineral  management  policy  to 
assure:  (1)  orderly  and  timely  resource  development,  (2)  protection  of 

the  environment,  and  (3)  the  receipt  of  fair  market  value  for  disposition 
of  the  mineral  resources. 

1.  Orderly  and  timely  development  includes  the  responsibilities  to: 
foster,  promote,  and  encourage  the  exploration  for  and  the  production 
of  the  mineral  deposits  from  the  Federal  lands;  promote  competition; 
encourage  the  active  development  of  the  mineral  deposits  in  the  Federal 
lands  in  a manner  compatible  with  the  use  of  the  same  lands  for  other 
purposes;  assure  that  mineral  developers  receive  the  acreage  necessary 
for  economic  plant  investment,  development,  and  production;  encourage 


1-9 


the  maximum  ultimate  recovery  of  the  mineral  deposit;  prevent  waste; 
promote  conservation  of  the  mineral  resources;  and  assure  adequate 
minimum  production  and  diligent  development  requirements  for  leased 
mineral  deposits. 

2.  Protection  of  the  environment  includes  the  responsibilities  to: 
assure  that  mineral  exploration  and  production  be  conducted  with  the 
maximum  protection  of  the  environment;  assure  the  rehabilitation  of  the 
disturbed  lands;  assure  that  precautions  are  taken  to  protect  public 
health  and  safety;  and  assure  full  compliance  with  the  spirit  and 
objectives  of  the  National  Environmental  Policy  Act  of  1969,  other 
Federal  environmental  legislation,  and  supporting  Executive  Orders 

and  regulations. 

3.  Receipt  of  fair  market  value  includes  the  responsibility  to  assure 
the  public  a fair  market  value  return  for  the  use  of  public  lands  and 
the  disposition  of  its  mineral  resources. 

E.  ADMINISTRATIVE  ROLES  AND  PROCEDURES 

Management  responsibilities  for  the  public  lands  and  their  natural 
resources  are  shared  by  the  land  management  agencies  and  the  Geological 
Survey.  Secretarial  Order  No.  2948,  dated  October  6,  1972,  sets  forth  in 
the  following  manner  the  division  of  responsibility  between  the  Bureau  of 
Land  Management  and  the  Geological  Survey  for  the  administration  and  man- 
agement procedures  for  all  departmental  onshore  mineral  leasing  and  oper- 
ating activities,  including  geothermal  resources.  The  Order  provides: 

"The  BLM  exercises  at  the  Bureau  level  the  Secretary's  discretionary 
authority  to  determine  whether  or  not  leases,  permits,  and  licenses  are 
to  be  issued.  The  Bureau  of  Land  Management  is  responsible  for  issuing 
mineral  leases,  permits,  and  licenses,  and  is  the  office  of  record  in 
mineral  leasing  matters.  The  Geological  Survey  is  responsible  for  all 
geologic,  engineering,  and  economic  value  determinations  for  the  Depart- 
ment's mineral  management  program.  These  determinations  include:  the 

mineral  characteristics  of  lease  and  permit  areas;  parcelling;  amounts  of 
bonds;  royalties;  unit  values;  rentals;  and  minimum  production  require- 
ments; and  all  other  terms  and  conditions  relating  to  mineral  operations 
under  leases  and  permits.  Geological  Survey  exercises  the  Secretary's 
delegated  authority  regarding  operations  conducted  within  the  area  of 
operation  by  permittees,  lessees,  and  licensees  and  determines  the  actions 
to  be  taken  by  them  from  the  standpoint  of  the  development,  conservation, 
and  management  of  mineral  resources  under  the  jurisdiction  of  the  Depart- 
ment. GS  will  refer  to  BLM  any  instances  of  noncompliance  with  lease 
terms  requiring  cancellation  action,  and  BLM  will  initiate  the  necessary 
action. 

"For  the  purpose  of  this  Order,  the  area  of  operation  is  defined  as  that 
area  of  the  present  and  planned  mine,  oil  and  gas  field,  or  geothermal 
resource  field  exploratory,  development,  and  production  operations,  as 
presented  in  an  approved  exploration  or  mining  plan,  drilling  permit, 
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oil,  gas,  or  geothermal  field  development  plan,  or  plan  for  the  abandon- 
ment of  wells  or  operations.  The  area  of  operation  may  cover  a fraction 
of  a lease  or  permit  area,  or  it  may  cover  several  lease  or  permit  areas. 

It  encompasses  the  general  area  needed  for  storage  piles,  spoils  piles, 
tailings  ponds,  on-project  mill  sites,  flow  lines,  separators,  surge  tanks, 
on-project  truck  or  rail-loading  stations,  drill  pads,  mud  pits,  work- 
shops, compressors,  generators,  on-project  power  planes,  and  other  such 
facilities  used  for  on-project  mine,  oil  and  gas  field,  or  geothermal 
resource  field  exploratory,  development,  and  production  operations." 

1.  Environmental  Protection. 

"The  Bureau  of  Land  Management,  in  cooperation  with  the  Geological  Survey, 
formulates  the  general  requirements  to  be  incorporated  in  leases,  permits, 
and  licenses  for  the  protection  of  the  surface  and  non-mineral  resources 
and  for  reclamation.  The  Geological  Survey,  before  approving  exploration 
and  raining  plans,  drilling  permits,  oil,  gas,  or  geothermal  field  devel- 
opment plans,  or  plans  for  the  abandonment  of  wells  or  operations,  con- 
sults with  the  Bureau  of  Land  Management  on  the  adequacy  of  the  surface 
use,  environmental  protection,  and  reclamation  aspects  of  the  plans  and 
will  not  grant  approval  if  inconsistent  with  the  BLM's  recommendations 
without  further  discussions  with  BLM.  If  differences  remain  after  these 
further  discussions,  the  resolution  is  made  by  the  Assistant  Secretary-- 
Energy  and  Mineral  Resources  and  the  Assistant  Secretary--Land  and  Water 
Resources.  If  required,  the  Under  Secretary  resolves  any  remaining 
differences.  The  BLM  is  responsible  for  compliance  examinations  of 
environmental  protection  requirements  outside  the  operating  area  and 
for  reporting  infractions  to  the  GS  for  discussions  with,  or  orders  to, 
the  permittee,  lessee,  or  licensee.  GS  examines  operations  to  ensure 
compliance  with  environmental  protection  and  rehabilitation  require- 
ments inside  the  operating  area.  With  respect  to  approval  of  access 
roads,  pipelines,  utility  routes  and  other  surface  uses  outside  the 
operating  area,  the  Bureau  of  Land  Management  has  the  primary  responsi- 
bility but  obtains  the  recommendations  of  the  Geological  Survey  before 
taking  final  action.  Orders  to  operators  for  any  remedial  action  is 
the  responsibility  of  the  Geological  Survey." 

2.  Expertise 

"The  Geological  Survey  is  responsible  for  maintaining  engineering,  geo- 
logic, geophysical,  economic,  and  other  technical  expertise  needed  by  the 
Department  to  assure  compliance  with  applicable  laws,  operating  regula- 
tions, and  the  objectives  of  the  Department's  mineral  management  program. 
The  Bureau  of  Land  Management  is  responsible  for  maintaining  expertise 
needed  by  the  Department  for  action  on  applications  filed  with  BLM  under 
the  mineral  leasing  laws  to  assure  compliance  with  applicable  laws, 
leasing  regulations,  and  the  objectives  of  the  Department's  mineral 
management  program. " 

3.  Contacts  with  Applicants 

"(1)  Prior  to  the  issuance  of  mineral  leases,  permits,  and  licenses,  the 
Bureau  of  Land  Management  will  represent  the  Secretary  in  dealing  with 
applicants . 
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"(2)  After  issuance  and  during  the  exploration,  development,  and  pro- 
duction phases  of  leases,  permits,  and  licenses,  and  until  a lease,  permit, 
or  license  has  terminated  (at  which  time  management  is  the  sole  res- 
ponsibility of  BLM)  the  Geological  Survey  is  the  sole  representative  of 
the  Secretary  in  all  matters  relating  to  the  supervision  of  operations." 

4.  Issuance  of  Mineral  Leases,  Permits,  and  Licenses 

"(a)  Applications  - Prior  to  the  issuance  of  mineral  prospecting  permits, 
leases,  or  licenses,  the  Bureau  of  Land  Management  refers  all  applications 
for  such  permits,  leases,  or  licenses  to  the  Geological  Survey  for  a 
report  as  outlined  in  (b)  below. 

"(1)  The  Geological  Survey  is  responsible  for  determining,  under  the 
mineral  leasing  laws  and  regulations,  if  sufficient  information  is 
known  about  a mineral  deposit  to  warrant  offering  the  deposit  for  lease 
by  competitive  sale  and  to  notify  the  Bureau  of  Land  Management  of  its 
determination.  If  the  Geological  Survey  finds  that  sufficient  information 
is  not  available  to  warrant  competitive  leasing,  it  notifies  the  Bureau 
of  Land  Management  of  its  conclusions  so  that  the  Bureau  of  Land  Manage- 
ment may  issue  a prospecting  permit  or  noncompetitive  lease,  as  appro- 
priate. The  Geological  Survey  establishes  prospecting  requirements  for 
prospecting  permits.  When  lands  are  to  be  leased,  the  Geological  Survey 
determines  and  reports,  as  appropriate,  on:  the  mineral  characteristics 

of  lease  and  permit  areas;  parcelling;  amounts  of  bonds;  royalties;  unit 
values;  rentals;  mineral  resource  evaluations;  reserves;  investments; 
diligent  development  and  minimum  production  requirements;  and  all  other 
terms  and  conditions  pertaining  to  lease  operations,  including  environ- 
mental and  surface  rehabilitation  stipulations  relating  to  mineral  ex- 
ploration and  extraction.  With  respect  to  applications  for  licenses, 
the  Geological  Survey  determines  and  reports  as  to  whether  the  license 
may  be  issued. 

"(2)  The  Geological  Survey  is  responsible  for  determining  whether  a 
prospecting  permittee  has  demonstrated  that  the  lands  contain  a mineral 
deposit  having  the  characteristics  required  by  law  and  regulations  to 
qualify  for  a preference  right  lease  and  to  notify  the  Bureau  of  Land 
Management . 

"(3)  The  Bureau  of  Land  Management  refers  to  the  Geological  Survey  all 
other  type  applications  received  which,  if  approved,  may  affect  operations 
on  existing  permits,  leases,  or  licenses. 

" (4)  The  Bureau  of  Land  Management  notifies  the  Geological  Survey  of 
known  oil,  gas,  and  geothermal  resource  geophysical  exploration  activity, 
including  the  area  involved,  the  type  of  survey  employed,  and  the  name 
of  the  operator. 

”(5)  All  applications  for  noncompetitive  oil  and  gas,  mineral,  and 
geothermal  resource  leases  filed  with  the  Bureau  of  Land  Management 
will,  prior  to  issuance  of  a lease,  be  referred  to  the  Geological 
Survey  for  a determination  as  to  whether  the  lands  are  within  a known 
geologic  structure  (KGS),  a known  geothermal  resource  area  (KGRA) , or 
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a known  leasing  area  (KLA) . 


"(b)  Mineral  Resource  Evaluation  Report  - GS  is  responsible  for  submitting 
a report  of  its  findings,  mineral  resource  evaluations,  and  resultant 
recommendations  to  the  BLM,  together  with  a summary  explanation  of  how 
the  resource  evaluations  were  developed  from  geophysical,  geologic, 
economic,  and  engineering  data  available  at  the  time  of  the  evaluation. 

The  BLM  reviews  these  findings  and  recommendations  in  light  of  multiple- 
use  management  requirements  and  will  not  issue  leases  or  permits  incon- 
sistent with  the  findings  and  recommendations  without  further  discussion 
with  GS.  If  differences  remain  after  further  discussion,  the  resolution 
is  made  by  the  Assistant  Secretary-Mineral  Resources  and  the  Assistant 
Secretary--Public  Land  Management.*  If  required,  the  Under  Secretary  re- 
solves any  remaining  differences. 

" (c)  Competitive  Lease  Sales  - The  Bureau  of  Land  Management  advertises 
and  conducts  competitive  lease  sales.  The  Geological  Survey's  resource 
evaluations  will  be  used  and  the  Geological  Survey  will  have  representa- 
tives at  the  sale  and  renders  a post-sale  recommendation  to  BLM  regarding 
acceptance  or  rejection  of  the  bids,  which  must  be  confirmed  in  writing. 

"(d)  Files  and  Records  - BLM  maintains  the  official  application,  permit, 
and  lease  case  files  and  forwards  to  the  Geological  Survey  a copy  of 
each  permit,  lease,  and  license,  together  with  copies  of  relevant 
correspondence  thereafter  conducted  by  the  Bureau.  The  GS  forwards  to 
the  BLM  copies  of  mining  and  exploration  plan  applications,  drilling 
permit  applications,  and  relevant  items  submitted  by  the  applicants 
directly  to  the  GS,  except  confidential  proprietary  information  cited 
under  paragraph  (e)  below. 

"(e)  Security  of  Information  - The  Geological  Survey  is  responsible 
for  receiving  and  protecting  for  the  confidential  use  of  the  Federal 
Government  all  proprietary  geological,  geophysical,  engineering,  economic, 
statistical,  or  other  information,  mineral  resource  data,  and  well  logs 
required  to  be  submitted  under  Title  30  CFR,  Parts  200,  211,  216,  221, 

231,  270,  and  related  regulations.  The  Survey  Office  receiving  such 
information  is  designated  the  Office  of  Control  for  those  data.  Authorized 
officials  of  BLM  or  other  surface -managing  agencies  having  a need  to  see 
such  information  will  normally  make  appropriate  arrangements  to  visit  the 
Office  of  Control  for  access  to  such  data  and  for  technical  advice  based 
on  it  pertinent  to  their  management  responsibilities." 

5.  Mineral  Reports 

"The  Geological  Survey  is  responsible  for  preparing  and  submitting  to  the 
Bureau  of  Land  Management  mineral  classification  and  evaluation  reports 
with  respect  to  the  leasable  mineral  value  of  lands  within  proposed 
exchanges,  withdrawals,  sales,  land  entries,  or  other  disposals  and  all 
other  land  transactions.  The  Geological  Survey,  upon  request,  also 
prepares  and  furnishes  mineral  reports  and  other  information  to  the 
Bureau  of  Land  Management  needed  for  its  use  in  longrange  multiple-use 
planning  or  inventory  of  the  public  lands." 


* Now  Assistant  Secretary — Land  and  Water  Resources. 
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6 . General  Relationships 


"Such  additional  references,  reports,  interchange  of  information,  and 
advice  shall  be  made  by  or  between  the  Bureau  of  Land  Management  and 
Geological  Survey  as  may  be  necessary  to  perpetuate  or  improve  current 
practice  and  provide  effective  administration  of  the  mineral  leasing 
laws . 

"The  Bureau  of  Land  Management  and  the  Geological  Survey  must  submit  to 
each  other  for  review  and  recommendations  any  proposed  changes  in  stand- 
ard lease  terms,  regulations,  instructions,  or  other  changes  that  would 
affect  each  agency's  management  responsibilities." 

7.  Forest  Service 


The  Forest  Service  is  charged  with  the  responsibility  of  full  management 
of  all  lands  within  the  national  forest  system.  It  is  proposed  that 
this  agency  will  follow  the  procedure  outlined  below  in  geothermal  leas- 
ing situations: 

a.  A plan  of  operation  is  required  to  be  submitted  by  the 
applicant. 

b.  An  on-site  field  examination  is  conducted  with  the  Geological 
Survey  and  applicant.  At  this  time  a determination  is  made 
of  exact  requirements  as  to  surface  improvements  and  the 
operating  area  is  delineated. 

c.  Full  responsibility  for  management  within  the  operating  area 
is  assumed  by  Geological  Survey.  However,  the  Forest  Service 
acts  as  the  observor  and  may  make  GS  aware  of  any  unauthorized 
operations . 

d.  The  Forest  Service  retains  full  management  prerogatives  within 
the  lease  that  is  outside  of  the  area  of  operations. 

e.  Surface  and  resources  protection  stipulations  are  prepared  in 
cooperation  with  the  Geological  Survey. 
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CHAPTER  II 


THE  ENERGY  AND  ENVIRONMENTAL  SETTING 


A.  THE  NATIONAL  ENERGY  SITUATION 

On  April  18,  1973,  the  President  forwarded  to  the  Congress  his  second 
Energy  Message.  His  message  presented  a comprehensive  program  to 
provide  for  meeting  current  and  future  energy  needs,  with  particular 
emphasis  on  increased  production  of  fuels  from  domestic  sources.  In 
the  introduction  to  this  message,  he  summarized  the  energy  situation 
as  follows: 

"At  home  and  abroad,  America  is  in  a time  of  transition. 

Old  problems  are  yielding  to  new  initiatives,  but  in  their  place 
new  problems  are  arising  which  once  again  challenge  our  in- 
genuity and  require  vigorous  action.  Nowhere  is  this  more 
clearly  true  than  in  the  field  of  energy. 

"As  America  has  become  more  prosperous  and  more  heavily  in- 
dustrialized, our  demands  for  energy  have  soared.  Today,  with 
6 percent  of  the  world's  population,  we  consume  almost  a third 
of  all  the  energy  used  in  the  world.  Our  energy  demands  have 
grown  so  rapidly  that  they  now  outstrip  our  available  supplies, 
and  at  our  present  rate  of  growth,  our  energy  needs  a dozen  years 
from  now  will  be  nearly  double  what  they  were  in  1970. 

"In  the  years  immediately  ahead,  we  must  face  up  to  the 
possibility  of  occasional  energy  shortages  and  some  increase  in 
energy  prices. 

"Clearly,  we  are  facing  a vitally  important  energy  challenge. 
If  present  trends  continue  unchecked,  we  could  face  a genuine 
energy  crisis.  But  that  crisis  can  and  should  be  averted,  for 
we  have  the  capacity  and  the  resources  to  meet  our  energy  needs 
if  only  we  take  the  proper  steps  --  and  take  them  now. 

"More  than  half  the  world's  total  reserves  of  coal  are 
located  within  the  United  States.  This  resource  alone  would 
be  enough  to  provide  for  our  energy  needs  for  well  over  a 
century.  We  have  potential ‘resources  of  billions  of  barrels 
of  recoverable  oil,  similar  quantities  of  shale  oil  and  more 
than  2,000  trillion  cubic  feet  of  natural  gas.  Properly  managed, 
and  with  more  attention  on  the  part  of  consumers  to  the  conserva- 
tion of  energy,  these  supplies  can  last  for  as  long  as  our  economy 
depends  on  conventional  fuels. 

"in  addition  to  natural  fuels,  we  can  draw  upon  hydroelectric 
plants  and  increasing  numbers  of  nuclear  powered  facilities. 
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Moreover,  long  before  our  present  energy  sources  are  exhausted, 
America's  vast  capabilities  in  research  and  development  can 
provide  us  with  new,  clean  and  virtually  unlimited  sources  of 
power . 

"Thus  we  should  not  be  misled  into  pessimistic  predictions 
of  an  energy  disaster,  But  neither  should  we  be  lulled  into  a 
false  sense  of  security.  We  must  examine  our  circumstances 
realistically,  carefully  weigh  the  alternatives  --  and  then 
move  forward  decisively. 

WEIGHING  THE  ALTERNATIVES 

"Over  90  percent  of  the  energy  we  consume  today  in  the 
United  States  comes  from  three  sources:  natural  gas,  coal 

and  petroleum.  Each  source  presents  us  with  a different  set 
of  problems. 

"Natural  gas  is  our  cleanest  fuel  and  is  most  preferred  in 
order  to  protect  our  environment,  but  ill-considered  regulations 
of  natural  gas  prices  by  the  Federal  Government  have  produced  a 
serious  and  increasing  scarcity  of  this  fuel. 

"We  have  vast  quantities  of  coal,  but  the  extraction  and  use 
of  coal  have  presented  such  persistent  environmental  problems 
that,  today,  less  than  20  percent  of  our  energy  needs  are  met 
by  coal  and  the  health  of  the  entire  coal  industry  is  seriously 
threatened . 

"Our  third  conventional  resource  is  oil,  but  domestic  pro- 
duction of  available  oil  is  no  longer  able  to  keep  pace  with 
demands . 

"In  determining  how  we  should  expand  and  develop  these 
resources,  along  with  others  such  as  nuclear  power,  we  must 
take  into  account  not  only  our  economic  goals,  but  also  our 
environmental  goals  and  our  national  security  goals.  Each  of 
these  areas  is  profoundly  affected  by  our  decisions  concerning 
energy . 

"If  we  are  to  maintain  the  vigor  of  our  economy,  the  health 
of  our  environment,  and  the  security  of  our  energy  resources, 
it  is  essential  that  we  strike  the  right  balance  among  these 
priorities . 

"The  choices  are  difficult,  but  we  cannot  refuse  to  act 
because  of  this.  We  cannot  stand  still  simply  because  it  is 
difficult  to  go  forward.  That  is  the  one  choice  Americans  must 
never  make. 

"The  energy  challenge  is  one  of  the  great  opportunities  of 
our  time.  We  have  already  begun  to  meet  that  challenge,  and 
realize  its  opportunities." 
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Department  of  the  Interior  forecasts  of  United  States  energy  supply 
and  consumption  to  the  end  of  the  present  century  (Dupree  and  West, 
December  1972)  indicate  that  gross  energy  consumption  (including  the 
conversion  of  primary  energy  forms  to  secondary  forms  such  as  electri- 
city and  synthetic  gas)  is  expected  to  grow  at  an  average  rate  of  3.6 
percent  annually  over  the  period  increasing  from  69  quadrillion  Btu  to 
192  quadrillion  Btu  in  year  2000. 

Natural  gas  usage  will  increase  from  the  1971  figure  of  22  trillion 
cubic  feet  to  33  trillion  cubic  feet  by  the  end  of  the  Century.  Its 
share  of  the  market  will  shrink  from  33  percent  to  18  percent.  In 
addition,  some  5 1/2  trillion  cubic  feet  of  gas  are  expected  to  be 
manufactured  from  more  than  300  million  tons  of  coal  and  100  million 
barrels  of  oil  in  the  Year  2000.  This  reflects  a conversion  efficiency 
of  72  percent,  and  would  supply  approximately  14  percent  of  total 
gaseous  fuels  in  that  year. 

Annual  petroleum  usage  is  expected  to  increase  from  51/2  billion  bar- 
rels to  13  billion  barrels  over  the  29-year  period,  including  100  million 
barrels  in  Year  2000  used  to  manufacture  gas.  Oil’s  share  of  primary 
energy  input  would  decline  frdrn  1971's  44  percent  to  37  percent  in  the 
terminal  year. 

a 

Coal  usage  is  estimated  to  grow  slowly  to  1980  and  more  rapidly  there- 
after as  measures  are  found  to  make  it  environmentally  acceptable. 

Total  consumption  in  the  year  2000,  including  coal  used  for  gasification, 
is  anticipated  to  exceed  1,300  million  tons  or  2%  times  the  total  burned 
in  1971. 

Use  of  both  coal  and  nuclear  power  will  expand  due  to  the  extensive 
increase  in  use  of  electricity  that  is  foreseen.  Although  population  is 
forecast  to  grow' only  at  a 1 percent  annual  rate,  per  capita  usage  of 
electricity  is  estimated  to  more  than  quadruple,  resulting  in  a total 
increase  in  power  consumption  of  approximately  500  percent.  The  contri- 
bution of  nuclear  plants  to  total  electricity  generation  is  expected  to 
rise  from  2 percent  in  1971  to  slightly  more  than  half  in  year  2000 
(Dupree  and  West,  1972). 

The  following  sections  highlight  major  considerations  relative  to  the 
projection  of  future  energy  consumption,  environmental  considerations 
and  supply  sources . 

1 . Total  Energy  Consumption 

Projection  of  total  energy  consumption,  particularly  for  the  long  term, 
is  extremely  tenuous.  Professor  Richard  L.  Gordon,  in  a report  pre- 
pared for  the  trans-Alaska  pipeline  investigation  (Gordon,  1971),  and 
a report  for  the  Committee  on  Interior  and  Insular  Affairs  (U.S.  Senate, 

1971) ,  analyze  a number  of  relevant  factors  and  list  various  forecasts. 
Since  those  reports,  additional  forecasts  have  become  available,  in- 
cluding a new  Department  of  the  Interior  forecast  (Dupree  and  West, 

1972) . 
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Those  reports  prepared  since  1969  are  listed  in  Table  II-l.  The 
projections  are  subject  to  wide  variation  as  indicated  in  Figure  II-l,  in 
which  the  various  estimates  have  been  plotted.  Except  in  rare  instances, 
however,  recent  forecasts  agree  that  energy  consumption  will  increase 
between  4 and  5 percent  per  year  at  least  through  1985.  Resource  avail- 
ability, cost,  and  environmental  concerns  may  modify  later  growth  rates. 

Projections  of  the  mix  of  energy  sources  within  the  total  consumption 
vary  more  widely  than  do  those  of  total  consumption.  Table  II-2  shows 
recent  projections  of  domestic  consumption  mix  for  1980  and  1985.  Nuclear 
power  will  become  increasingly  important.  Host  projections  suggest 
declining  market  shares  for  gas  and  hydroelectric  power.  There  is  con- 
siderable disagreement  concerning  the  future  roles  of  coal  and  oil,  stem- 
ming primarily  from  uncertainty  with  regard  to  supplies  and  the  impact 
of  air  quality  and  other  environmental  requirements. 

The  actual  future  mix  of  energy  sources  will  depend  on  a number  of  deci- 
sions on  matters  of  energy  and  environmental  policy  which  will  be  made 
in  the  next  few  years.  The  energy  consumption  projections  discussed 
above  make  a variety  of  assumptions,  either  explicit  or  implicit,  about 
the  outcomes  of  current  policy  debates.  For  example,  the  National 
Petroleum  Council's  four  cases  assume  four  different  mixes  of  policy  and 
success  of  exploratory  effort. 

2.  Environmental  Considerations 


The  Nation  has  become  concerned  over  the  quality  of  its  environment. 
Responses  to  this  concern  have  taken  the  form  of  legislation  and  regula- 
tory action  to  minimize  air  and  water  pollution  and  scarring  of  the 
landscape.  Perhaps  the  environmental  effect  most  obvious  to  the  largest 
number  of  Americans  is  the  air  pollution  in  major  urban  areas;  the  Clean 
Air  Amendments  of  1970  (P.L.  91-190,  42  U.S.C.  1851  et.  seq . , 49  U.S.C. 
1421,  1430)  required  establishment  of  air  quality  standards  and  of  plans 
by  each  state  to  achieve  implementation  of  those  standards  by  1975.  Many 
of  these  state  implementation  plans  (SIPs)  will  require  alteration  of 
energy  consumption  patterns. 

In  view  of  the  outcome  of  recent  litigation  over  state  implementation 
plans,  it  is  clear  that  air  quality  considerations  will  be  an  important 
determinant  of  energy  consumption  patterns  for  the  foreseeable  future. 
From  the  standpoint  of  air  quality  at  the  point  of  combustion,  natural 
gas  has  been  restrained  largely  by  the  market  disequilibrium.  Other 
environmental  effects,  notably  impact  on  land  values  and  water  quality 
during  extraction  and  transportation,  may  limit  the  roles  of  coal  and 
oil.  While  nuclear  power  offers  the  potential  of  electrical  energy 
with  relatively  small  volumes  of  air  emissions,  considerations  of  thermal 
water  pollution  and  public  safety,  as  well  as  delays  in  engineering  and 
construction,  have  limited  that  option. 
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Table  II  - 1. 

RECENT  PROJECTIONS  OF  UNITED  STATES  ENERGY  CONSUMPTION*' 
Quadrillion  (1015)  BTU  Per  Year** 


Date 

Source 

Ref  .k! 

1975 

1980 

1985 

1990 

2000 

Gordon?/ 

Senate*.^ 

4-70 

SRI 

(a) 

5/ 

5/ 

_ 

«» 

_ 

X 

4-70 

EBASCO 

(b) 

83.1 

100.0 

120.0 

- 

- 

- 

X 

10-70 

Morrison 
SO  (NJ) 

(c) 

- 

95.1 

- 

134.7 

168.6 

- 

X 

?-70 

<d) 

- 

106.0 

131.0 

- 

- 

X 

- 

1-71 

USDI 

(e) 

Low 

- 

98.9 

120.8 

- 

- 

X 

- 

Medium 

- 

103.5 

127.7 

- 

- 

X 

- 

2-71 

Hl8h  11/ 
Da  r n s t ad  t e r •£=/ 

Oil  Co. #4 

Oil  Co. #5 

Oil  Co. #6  - 

(f) 

• 

3.08. 8 
95.1—' 

133.1 

134.7— i ' 

190.0 

X 

X 

67-71 

(g) 

- - 

105.3 

- 

- 

X 

- 

6-71 

(g) 

88.0 

- 

134.0 

- 

- 

X 

- 

6-71 

(g) 

83.6 

102.7 

129.1 

- 

- 

X 

- 

6-71 

Oil  Co.  11 7 V 

(g) 

- 

100.9 

- 

- 

- 

X 

- 

6-71 

USDI 

(h) 

88.6 

- 

133.4 

- 

191.6 

X 

- 

7-71 

NPC 

(i) 

83.5 

102.6 

124.9 

- 

- 

X 

X 

9-71 

Starr 

<j) 

81 

- 

- 

- 

160.0 

- 

- 

7-71 

USBM 

(k) 

Low 

- 

- 

- 

- 

166.0 

X 

X 

High 

- 

- 

- 

- 

239.1 

X 

X 

7-71 

FPC 

(1) 

- 

105.0 

- 

143.0 

- 

- 

X 

7-71 

Gambs 

(m) 

- 

110.0 

- 

- 

- 

X 

- 

7-71 

Marathon 

(d) 

- 

101.6 

- 

- 

- 

X 

- 

7-71 

Schurr 

so  (nj)  y 

(n) 

- 

90.9 

- 

- 

- 

X 

- 

7-71 

(d) 

- 

106.0 

131.0 

- 

- 

X 

- 

7-71 

Steele 

(o) 

- 

105.3 

128.5 

— 

X 

— 

1-72 

USDI 

(h) 

88. 

133.  & 

— 

191.6®/ 

• 

— 

2-72 

Morrison 

(P) 

- 

- 

130. I-1 

- 

169  ®/ 

- 

- 

6-72 

11-72 

Chase  1Q/ 
USDI  — ' 

(f) 

— 

• 

"" 

124. 9^/ 

12-72 

NPC 

(t) 

83.5  — 102.6— ■' 

• 

mm 

— 

• 

Compound  growth 

relative  to  1971  actual 

consumption  of  69. 

.0  QBtu,  at 

; alternative 

rates  of: 

3Z 

77.7 

90.0 

104.0 

121.0 

162.6 

3 1/2Z 

79.2 

94.1 

111.7 

137.7 

187.1 

4 Z 

80.7 

98.2 

119.5 

145.4 

215.2 

4 1/2Z 

82.3 

102.6 

127.8 

159.3 

247.3 

5Z 

83.9 

107.0 

136.6 

174.4 

284.0 

* Notes  appear  on  the  following  page. 

**  Btu  (British  thermal  unit)  is  a standard  measure  of  energy  (amount  of  heat 


necessary  to  raise  the  temperature  of'l  pound  of  water  1°  F. 
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NOTES  TO  TABLE  II  - 1 


1 / Total  gross  energy  inputs  in  the  United  States  in  1971  were  69.010 
quadrillion  BTU(ref erence  (r)).* 

2 J Included  in  the  review  in  Gordon  (1971). 

3/  Included  in  the  review  in  U.S.  Senate  (1972). 

4 / References  are  listed  below. 

5 / Totals  not  comparable,  since  SRI  excludes  transportation  uses. 

6/  Standard  Oil  of  New  Jersey  (now  Exxon) . 

7/  Oil  companies  so  designated  to  maintain  confidentiality  and  distinguish 
among  estimates. 

8/  Republication  of  earlier  estimate. 

9 / Calculated  from  63,715,000  bbl./day  oil  equivalent,  using  conversion 

factor  of  5,600,000  BTU/bbl.  (Chase  gives  1970  consumption  of  32,980,000 
b/d  ; reference  (r)  gives  67.444  Q BTU,  implying  a conversion  rate  of 
67.444  x 1015  BTU  /(365  days  x 32.98  x 106  b/d)  = 5602731  BTU/bbl.) 

10/  This  forecast  is  designed  to  become  the  current  set  of  Interior  Department 
proj ections. 

11/  The  Damstadter  projection,  as  published  in  U.S.  Senate  (1972)  apparently 
differs  from  Morrison  only  in  the  year  2000. 


REFERENCES  TO  TABLE  II  - 1 

(a)  SRI-70:  Requirements  for  southern  Louisiana  natural  gas  through  1980: 

Exhibit  in  FPC  docket  No.  AR69-1,  Stanford  Research  Institute,  April 
1970. 

(b)  EBASC0-70:  Energy  consumption  and  supply  trends  chart  book,  April  1970: 

EBASCO  Services  Inc. 

(c)  Morrison-70:  "Energy  Resources  and  National  Strength' by  Warren  E. 

Morrison:  Auditorium  presentation.  Industrial  College  of  the  Armed 

Forces,  Washington,  D.C.,  October  6,  1970  (transcript  of  lecture  and 
statistical  appendix) . 


*Preliminary  estimates  indicate  that  U.S.  energy  consumption  in  1972  was 
72.091  QBtu  (USBM,  1973). 
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REFERENCES  TO  TABLE  II  - 1 (Continued) 


(d)  Cited  in  Gordon,  Richard  L. (Professor  of  Mineral  Economics,  Pennsylvania 
State  University) , "Future  Demand  for  Petroleum  in  the  United  States. 

A Review  of  Forecasts,"  July  15,  1971.  Included  as  appendix  L,  part  1 in 
(U.S.  D.I.,  1971). 

(e)  U.S.  Department  of  the  Interior  Draft  Environmental  Impact  Statement 
for  the  Trans-Alaska  Pipeline,  January,  1971. 

(f)  Darnstadter,  Joel,  1971,  "Trends  and  Patterns  in  U.S.  and  Worldwide 
Energy  Consumption — a background  review".  Resources  for  Future  Inc., 
February  1971  (available  in  draft.  Scheduled  to  be  published  in  1972 
as  appendix  to  papers  presented  at  RFF  Forum  on  Energy,  Economic 
Growth  and  the  Environment,  April  20-21,  1971,  Washington,  D.C.) 

(g)  Oral  presentations  to  the  Department  of  the  Interior,  June-July  1971, 
cited  by  Office  of  Oil  and  Gas  in  an  informal  compilation,  July  16, 

1971. 

(h)  U.S.  D.I.,  Preliminary  estimates  by  Bureau  of  Mines  Staff,  appended  to 

statement  of  the  Honorable  Rogers  C.B.  Morton,  Secretary  of  the  Interior, 
before  the  Committee  on  Interior  and  Insular  Affairs,  United  States 
Senate,  June  15,  1971.  Also  presented  in  U.S.D.I.,  "United  States 
Energy:  A Summary  Review,"  January  1972,  p.  20. 

(i)  National  Petroleum  Council,  "U.S.  Energy  Outlook:  An  Initial  Appraisal, 

1971  - 1985,"  Vol.I. , July  15,  1971. 

(j)  Starr,  Chauncey.  "Energy  and  Power,"  Scientific  American,  vol.  225, 

No.  3 (September,  1971),  p.  39.  (Estimates  of  charted  values). 

(k)  U.S.  Bureau  of  Mines,  Mineral  Facts  and  Problems,  1970  Edition, 

Bulletin  650,  Washington,  1970  (Table  4,  pp.17  - 18). 

(l)  FPC-71:  The  1970  National  Power  Survey,  part  1:  Federal  Power 

Commission,  Washington,  D.C.,  March  1972. 

(m)  "Mr.  [Gerard]  Gambs  is  a veteran  observer  of  the  energy  market  who 
has  worked  in  the  coal,  oil,  and  electric  power  sectors  and  is  active 
in  the  forecasting  efforts  for  the  National  Academy  of  Engineering's 
study  on  power  plant  siting"  - Gordon. 

(n)  Schurr,  Sam  H. , and  Paul  T.  Homan,  Middle  Eastern  Oil  and  the 
Western  World,  New  York,  American  Elsevier,  1971. 

(o)  Henry  Steele  is  a professor  at  the  University  of  Houston;  his  estimate, 
is  cited  by  Gordon. 

(P)  Morrison,  Warren  E.,  "Impacts  of  Alternative  Energy  Systems",  Proceed- 
ings of  the  Council  of  Economics  of  the  A.I.M.E.,  San  Francisco, 
California,  February  20-24,  1972,  pp.  147-178. 
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REFERENCES  TO  TABLE  II  - 1 (Continued) 


(q)  The  Chase  Manhattan  Bank,  Energy  Economics  Division,  "Outlook  for 
Energy  in  the  United  States  to  1985",  June,  1972. 

(r)  DuPree,  Walter  G. , Jr.,  and  James  A.  West  (U.S.  Department  of  Interior) 
"United  States  Energy  Through  the  Year  2000",  December,  1972. 

(s)  U.S.  Bureau  of  Mines,  Press  Release,  "U.S.  Energy  Use  at  New  High  in 
1971",  March  31,  1972. 

(t)  National  Petroleum  Council  (NPC) , "U.S.  Energy  Outlook:  A Summary  Report 

of  the  National  Petroleum  Council,"  Washington,  December,  1972. 
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Table  II  - 2.  ESTIMATES  OF  SOURCE  OF  ENERGY  CONSUMED,  1980  AND  1985^/ 
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NOTES  TO  TABLE  II  - 2 


1 J Sources  of  data  are  given  in  table  II  - 1 and  notes  thereto. 

2/  Quadrillion  (1015)  BTU. 

3/  Percent  of  total  energy  consumed. 

4 J Chase  presents  its  estimates  in  terms  of  barrels  of  oil  equivalent. 

5/  Repetition  of  earlier  forecast. 

6/  Geothermal 

7/  NPC  does  not  definitively  allocate  coal  and  nuclear  power;  the  larger 
figure  assumes  maximum  supplies  of  the  indicated  resource,  and  minimum 
supplies  of  the  other  are  used;  the  smaller  figure  assumes  the  converse. 
A likely  result  would  fall  between  the  two. 
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The  potentials,  problems,  and  environmental  considerations  related  to 
individual  energy  sources  other  than  geothermal  resources  are  discussed 
in  Chapter  IV-D,  Alternative  Sources  for  Electrical  Energy.  Some  of  the 
major  considerations  are  summarized  in  the  following  energy  source  dis- 
cussions . 

3.  Natural  Gas 

Natural  gas  is  considered  the  Nation's  premium  fuel  due  to  its  conveni- 
ence, clean  burning  characteristics,  and  overall  nominal  adverse  environ- 
mental impacts.  Consumption  of  natural  gas  since  1966  has  increased  by 
one-third.  Since  1968,  the  Nation  has  consumed  approximately  twice  as 
much  gas  as  it  has  found  and  added  to  its  proven  inventories.  Forecasts 
of  the  future  balance  between  the  supply  and  demand  for  natural  gas  indi- 
cate that  shortages  may  become  progressively  more  severe.  The  Federal 
Power  Commission  has  estimated  that  the  gap  between  potential  demand  and 
the  most  likely  available  supply  could  reach  17.1  trillion  cubic  feet 
(37  percent  of  total  demand  and  58  percent  of  actual  consumption)  in  1990 
even  after  liberal  allowances  for  pipeline  imports,  liquefied  natural  gas 
imports,  gas  from  coal  and  liquids,  and  Alaska  gas  (FPC,  1972). 

As  indicated  in  the  President's  1973  Energy  Message,  the  problem  of 
natural  gas  supply  results  less  from  inadequate  resources  than  it  does 
from  heavy  Federal  regulation.  Such  regulation  involves  both  the  opera- 
tion of  interstate  natural  gas  pipelines  and  the  price  of  natural  gas 
supplied  to  these  pipelines.  As  a result,  price  has  been  kept  artifici- 
ally low  and  demand  has  been  artificially  stimulated.  Such  regulation 
has  resulted  in  a sharp  reduction  in  exploration  and  development  activ- 
ities required  to  develop  new  resources  for  interstate  markets  to  meet 
increasing  demand. 

To  help  correct  this  situation,  the  President  has  proposed  that  gas  from 
new  wells,  gas  newly  dedicated  to  interstate  markets,  and  the  continu- 
ation of  production  of  natural  gas  from  expired  contracts  no  longer  be 
subject  to  wellhead  price  regulation.  Such  action  should  stimulate  new 
exploration  and  development  and  increase  supplies.  Price  increases  also 
will  be  conducive  to  reducing  inefficient  uses  and  waste. 

4.  Coal  and  Oil 

Forecasters  generally  have  assumed  that  the  difference  between  total 
energy  consumption  and  availability  of  energy  sources  discussed  thus  far 
would  be  made  up  by  consumption  of  coal  and  oil.  In  the  "Initial 
Appraisal"  of  the  National  Petroleum  Council,  for  example,  that  assump- 
tion was  quite  explicit  (NPC,  1971).  Domestic  coal  resources  are  ample, 
but  the  emissions  of  sulfur  oxides  and  particulate  air  pollutants 
associated  with  coal  uses  under  existing  technologies  and  use  systems 
make  its  combustion  a problem  from  an  air  quality  standpoint.  Hazards  to 
health  and  safety  in  underground  mines  and  land  reclamation  requirements 
for  strip  mining  also  impose  restrictions  on  coal  supply. 
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Oil  most  often  has  been  viewed  as  the  "swing  fuel"  because  additional 
imports  of  oil  usually  are  assumed  to  be  available  from  the  Eastern 
Hemisphere.  The  high  costs  of  domestic  drilling  and  production,  coupled 
with  gradually  declining  real  prices  for  oil,  have  reduced  incentives 
for  domestic  production,  and  most  projections  have  assumed  constant  or 
declining  domestic  production  through  1985  to  less  than  half  of  the 
Nation's  supply  needs.  Most  incremental  oil  supplies  are  expected  to 
come  from  the  Eastern  Hemisphere. 

In  recent  years,  many  have  expressed  concern  over  the  level  of  domestic 
oil  production  and  the  disparity  between  the  rising  costs  of  drilling 
and  production  and  the  declining  real  price  of  oil.  While  oil  prices 
are  not  explicitly  regulated  in  the  same  fashion  as  gas,  three  govern- 
mental institutions  have  tended  to  keep  the  monetary  price  of  oil  con- 
stant: (1)  market  demand  prorationing,  (2)  the  oil  import  program  (both 

of  which  have  tended  to  keep  supply  and  demand  in  balance  at  current 
prices),  and  (3)  political  pressure  on  prices.  The  market  demand  pro- 
rationing system  no  longer  exerts  an  effective  constraint,  and  the  oil 
import  program  has  been  drastically  altered  by  the  Presidential 
Proclamation  of  April  18,  1973. 

5 . Nuclear,  Hydroelectric,  Geothermal,  and  Exotics 

The  future  supply  of  nuclear  power  depends  strongly  on  technology  and 
economics.  The  current  generation  of  nuclear  reactors  consumes  uranium 
at  efficiencies  of  a few  percent.  Development  of  breeder  reactors  could 
enhance  conversion  efficiency  by  providing  for  repeated  use  of  nuclear 
materials,  but  breeders  are  unlikely  to  be  in  widespread  use  by  1985. 
Development  of  fusion  reactors  would  permit  extraction  of  nuclear  energy 
from  sea  water,  and  thus  reduce  the  pressure  on  uranium  resources,  but 
such  development  is  unlikely  before  at  least  1990.  Meanwhile,  conven- 
tional ("burner")  reactors  are  being  delayed  by  engineering  and  construc- 
tion delays  and  problems  of  siting  occasioned  by  concern  over  public 
safety  and  the  environment. 

Supplies  of  hydroelectric  power  are  limited  by  the  numer  of  additional 
dam  sites  that  can  be  developed  economically  and  in  an  environmentally 
acceptable  manner.  Most  projections  assume  that  supply  of  hydroelectric 
power  will  be  determined  by  trends  established  in  recent  years. 

Exotic  energy  sources  such  as  fuel  cells,  solar  energy,  wind,  etc.  are 
unlikely  to  provide  significant  portions  of  domestic  energy  consumption 
before  1985. 

While  some  projections  consider  geothermal  energy,  none  suggest  that  it 
will  provide  a significant  portion  of  total  national  energy  consumption 
by  1985.  However,  it  could  have  significant  local  area  importance,  par- 
ticularly where  it  is  near  load  centers  or  can  be  accommodated  on  existing 
transmission  lines. 
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B.  GEOTHERMAL  ENERGY  RESOURCES  AND  POTENTIAL 


1.  The  R&source 


a.  What  is  Geothermal  Energy? 

Geothermal  energy  is  the  natural  heat  of  the  earth.  Observations  in 
mines  and  wells  indicate  that  temperatures  increase  downward  to 
between  200°C.  and  1000°C.  at  the  base  of  the  earth's  crust.  If  The 
average  heat  flow  of  the  earth  is  1.5  x 10~°cal/cm^/sec . , but  known 
local  variations  in  heat  flow  of  15  times  this  average  have  been  found. 
Abnormally  high  heat  flow  areas  are  prospectively  valuable  for  geo- 
thermal resource  development.  These  areas  are  frequently,  but  not 
always,  marked  by  hot  springs. 

The  natural  heat  of  the  earth  is  derived  from  radioactive  decay,  friction 
(tidal  and  crustal  plate  motion),  and  possibly  primeval  heat.  Most  of 
this  heat  is  too  diffuse  to  serve  as  a resource  under  present  technology. 
Locally,  however,  it  is  concentrated  in  the  crust  by  volcanism  and  tecton- 
ism  and  by  convection  cells  of  circulating  hot  waters  above  buried  magma 
chambers.  This  heat  is  stored  in  rocks  and  in  water  and  steam  within 
pores  and  fissures.  This  water  and  steam  serve  to  transfer  the  heat  to 
the  earth's  surface. 

b . Geothermal  Systems 

There  are  in  essence  four  .different  major  types  of  geothermal  systems: 
vapor-dominated  systems,  hot  water  systems,  geopressured  reservoir  systems, 
and  hot  dry  rock  systems.  Most  systems  are  divided  into  two  types:  the 

vapor-dominated  or  dry-steam  system,  and  the  liquid-dominated  or  hot  water 
system.  Heat  for  both  systems  is  derived  from  a near-surface  heat  source 
such  as  a magma  chamber.  Surface  and  near  surface  water  percolating 
through  fractures  is  heated  by  the  hot  rock  and  rises,  sometimes  appearing 
at  the  surface  in  the  form  of  hot  springs,  geysers,  fumaroles,  and  other 
surface  manifestations , (Figures  II-2  and  II-3) . 

Vapor-dominated  systems  are  believed  to  be  relatively  rare  systems  in 
which  saturated  steam  and  water  are  thought  to  coexist  within  the  reser- 
voir. The  steam  phase  controls  the  pressure.  With  a decrease  in  pressure 
due  to  production  through  a well  bore,  the  heat  contained  in  the  rocks 
dries  and  superheats  the  steam.  Commercial  well  production  ranges  from 
50,000  to  300,000  pounds  of  steam  per  hour.  Power  production  from  vapor- 
dominated  fields  occurs  at  The  Geysers  in  California;  Larderello,  Italy; 
and  Matsukawa,  Japan.  The  Valles  Caldera  field  currently  under  develop- 
ment in  northern  New  Mexico  appears  to  be  vapor  dominated.  At  least  one 
of  the  hot  spring  systems  in  Yellowstone  National  Park  is  of  this  type 
but  is  closed  to  development  by  virtue  of  the  park  status. 


1/  392°  F to  1832°  F. 
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Figure  II-2 
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Source:  Testimony  for  the  Subcommittee  on  Water  and  Power  Resources,  Senate  Committee  on  Interior 

and  Insular  Affairs.,  June  13,  1973. 
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Hot  water  systems  are  thought  to  be  thermally  driven  convective  systems 
in  which  meteoric  water  picks  up  heat  from  a local  heat  source  and  moves 
upward  in  the  system.  This  upwelling  of  hot  water  often  penetrates  to 
the  surface  and  is  manifested  as  hot  springs,  geysers,  and  other  thermal 
surface  phenomena.  Thermal  energy  is  stored  both  in  the  hot  rock  and  in 
the  water  and  steam  which  fill  the  pore  spaces  in  the  rock.  Tapping  of 
the  upwelling  hot  waters  by  wells  results  in  a portion  of  the  fluid, 
generally  15  to  25  percent,  flashing  to  steam  due  to  pressure  decrease. 
Temperatures  of  about  300°  C and  wellhead  pressures  from  about  50  to 
150  psi  are  commonly  found  in  this  type  of  system.  The  steam  fraction 
is  separated  from  the  hot  water  at  the  surface.  Steam  is  directed 
through  the  turbines  and  the  hot  water  is  discharged  to  the  surface  or 
reinjected  into  the  ground.  Electric  power  production  from  this  type 
of  system  is  presently  underway  at  Wairkei,  New  Zealand;  Otaka,  Japan; 
Cerro  Prieto,  Mexico;  and  Pathe,  Mexico. 

Geopressured  reservoir  systems  - Geopressured  zones  consist  of  highly 
porous  sands  saturated  with  brines  of  high  temperature  and  very  high 
pressure.  They  are  located  principally  along  the  Louisiana  Coast  and 
offshore  of  southern  Texas  (Figure  II-4) . These  zones  are  thought  to 
occur  as  a result  of  normal  heat  flow  being  trapped  by  undercompacted 
clays  which  serve  as  an  insulating  layer.  Waters  derived  from  the  com- 
paction and  dehydration  of  the  clays  accumulate  in  the  sands  and  greatly 
increase  the  fluid  reserve.  The  marine  sediments  are  under compacted 
below  depths  of  6,500  to  10,000  feet  and  the  interstitial  fluid  carries 
part  of  the  overburden  load.  Temperatures  up  to  290° C and  pressures  up 
to  500  atmospheres  have  been  measured  in  these  systems.  Difficult  tech- 
nical and  economic  problems  must  be  solved  before  this  system  may  prove 
useful  for  the  generation  of  electric  power.  Of  prime  concern  is  the 
capability  of  the  reservoir  to  supply  a sustained  source  of  steam  or  very 
hot  water  to  warrant  the  construction  of  a power  plant.  This  system  is 
still  being  developed. 

Hot  dry  rock  systems  consist  of  impermeable  rocks  overlying  a local  heat 
source  such  as  a magma  chamber.  A much  larger  volume  of  hot  dry  rock  is 
located  in  the  earth's  crust  at  depths  in  excess  of  50,000  feet,  beyond 
present  drilling  capability.  Some  shallow  hot  rock  systems  such  as  one 
suspected  to  occur  near  Marysville,  Montana,  are  subject  to  current 
research.  Because  of  the  absence  of  water  in  these  systems,  water  would 
have  to  be  introduced  through  wells  and  fractures  in  the  rock  between 
the  wells.  Steam  brought  to  the  surface  will  be  used  to  run  conventional 
turbines  for  the  generation  of  electric  power.  Development  of  this  sys- 
tem is  in  the  early  research  state.  Production  of  electric  power  from 
this  system  is  probably  years  in  the  future. 
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GEOPRESSUREP  RESERVOIRS-GULF  COAST 

... consist  of  local  zones  of  high  temperatures 
and  pressures ... 


GREAT  THICKNESSES 

of  young  sediments  testify  to  large 
volumes  of  potential  reservoir  sands 


ALA 


TEXAS 


GULF  OF  MEXICO 


IS  THIS  A VIABLE  ENERGY  RESOURCE  ? 

f 

Engineering  analysis  and  modeling  are  needed. 


LOCATION  AND  DEPTH 

of  GEOPRESSURED  ZONES  serve  as  a 
guide  to  promising  areas. 


Figure  II-4 


Source:  Testimony  for  the  Subcommittee  on  Water  and  Power  Resources,  Senate 

Committee  on  Interior  and  Insular  Affairs,  June  13,  1973. 
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c 


Utilization  of  Geothermal  Resources 


Potential  uses  of  geothermal  resources  include  power  generation,  space 
heating,  agriculture,  refrigeration,  industrial  processing,  production 
of  fresh  water  by  desalination,  and  by-product  chemical,  mineral,  and 
gas  resources.  Following  are  some  present  day  examples  of  worldwide 
geothermal  resources  uses: 

Electrical  Power 


United  States 


The  Geysers,  California 

298 

MW 

World 

Larderello,  Italy 

365 

MW 

Monte  Amiata,  Italy 

26 

MW 

Wairakai,  New  Zealand 

192 

MW 

Matsukawa,  Japan 

20 

MW 

Otake,  Japan 

12 

MW 

Cerro  Prieto,  Mexico 

75 

MW 

Pathe,  Mexico 

% 

MW 

Namafjall,  Iceland 

3 

MW 

Pauzhetsk,  USSR 

5 

MW 

(1972) 


(1973) 


Space  Heating 
United  States 

Klamath  Falls,  Oregon  over  400  buildings 

Boise,  Idaho  over  200  homes 


World 

Iceland 
New  Zealand 
Hungary 
USSR 


Manufacturing  and  Processing 


Iceland 
New  Zealand 
USSR 


Refrigeration 


USSR 

By-product  Chemicals 
USSR 
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d.  Location  of  Geothermal  Resources 


Identified  recoverable  geothermal  resources  in  the  United  States  are 
estimated  at  2.5  x 1018  calories  (10  x 1015  Btu) . However,  the  dis- 
tribution, extent,  and  magnitude  of  geothermal  resources  are  not  well 
known.  The  general  extent  of  this  resource  in  the  United  States  can 
be  inferred  from  the  distribution  of  hot  springs  and  young  volcanic 
rocks  in  geopressured  zones  as  shown  in  Figure  II-5. 

About  1.8  million  acres  of  land  in  the  western  states  have  now  been 
classified  as  "being  within  Known  Geothermal  Resources  Areas  (KGRA's)," 
according  to  the  U.S.  Geological  Survey.  An  additional  96  million  acres 
are  listed  as  having  "prospective  value"  for  geothermal  resources.  Of 
the  1.8  million  acres  classified  as  KGRA's,  where  exploration  for  this 
energy  resource  is  considered  most  promising,  about  one  million  acres 
of  Federal  land  will  be  affected.  Of  the  96  million  acres  believed  to 
have  some  potential,  about  58  million  acres  of  Federal  land  are  in- 
volved. 

2 . Constraints  on  the  Utilization  of  Geothermal  Energy 


a.  Economic  Constraints 

The  greatest  potential  for  geothermal  energy  exists  in  the  western  part 
of  the  United  States.  This  encompasses  the  Mountain  and  Pacific  regions 
In  1971,  installed  capacity  and  net  generation  of  this  area  was: 

Installed  Capacity  Net  Generation 


Area 

(Megawatts) 

(Million 

KW-hrs) 

Mountain 

19,010 

80,034 

Pacific 

47,-974 

230,925 

Total 

66,984 

310,959 

Future  electrical  generating  capacity  requirements  in  these  regions  with 

high  geothermal 

potential  are  estimated 

to  be: 

Capacity  Requirements 2/ 

(Megawatts) 

Year 

Mountain  Region 

Pacific  Region 

Total 

1973 

24,400 

70,600 

95,000 

1980 

35,200 

100,800 

136,000 

1985 

49,600 

141,200 

191,000 

2000 

120,000 

360,000 

480,000 

1/  The  Mountain  region  consists  of  Arizona,  Colorado,  Montana,  Nevada, 
New  Mexico,  Utah,  and  Wyoming.  The  Pacific  region  consists  of 
California,  Oregon,  and  Washington. 

2/  Based  on  National  Power  Survey,  FPC.  20  percent  reserve  requirements 
assumed . 
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GEOTHERMAL  RESOURCES -AREAS  OF  PROMISE 


Figure  II-5 
11-17 


Source:  Testimony  for  the  Subcommittee  on  Water  and  Power  Resources,  Senate  Committee  on  Interior 

and  Insular  Affairs,  June  13,  1973. 


Between  now  and  1975,  some  362  megawatts  of  geothermal  power  in  The 
Geysers  area  of  California  is  expected  to  come  on  line,  boosting  geo- 
thermal electrical  power  to  approximately  660  megawatts.  Estimates 
beyond  1975  are  difficult  to  make  for  this  or  other  areas  until  more 
is  known  about  the  resource  potential  as  a result  of  field  investiga- 
tions and  development  of  technologies  for  using  various  geothermal 
fluids  in  environmentally  acceptable  manners. 

Comparison  of  a number  of  the  more  significant  projections  for  geo- 
thermal energy  potential  shows  a wide  spread  in  estimates.  Low  figures 
tend  to  be  based  on  continuation  of  existing  technplogy  and  development 
of  relatively  few  new  fields.  High  figures  are  based  on  assumptions 
concerning  total  resources,  on  considerable  research  and  development 
funding,  and  on  significant  breakthroughs  in  technology.  Future  geo- 
thermal capacity  over  the  minimum  estimates  is  contingent  on  both 
resource  development  and  technological  breakthrough. 


Geothermal  energy  estimates  from  various  sources  (in  megawatts) 


y 

2/ 

3/ 

3/ 

4/ 

Case  I 

Case  IV 

1972 

192 

192 

1975 

660 

1,500 

1,500 

1,500 

1980 

2,000 

10,500 

10,250 

2,500 

1985 

4,000 

19,000 

19,000 

3,500 

132,000 

2000 

40,000 

75,000 

395,000 

1/  Estimates  based 

on  Bureau 

of  Mines  analysis. 

The  1985 

-2000  increas 

assumes  that  approximately  15  percent  of  new  power  generation 
capacity  in  the  western  states  would  be  from  geothermal  sources. 

2/  Assessment  of  Geothermal  Energy  Resources,  Department  of  the  Interior, 
1972. 

3/  U.S.  Energy  Outlook,  National  Petroleum  Council,  1972. 

4/  Geothermal  Energy,  a Special  Report,  Walter  J.  Hickel,  1972. 


The  major  energy  sources  for  the  period  1975  through  2000,  exclusive  of 
geothermal  resources,  have  been  projected  to  be:  (Dupree  and  West,  1972) 

(All  figures  in  trillions  of  Btu) . 


Energy  Source 

1971* 

1976 

1980 

1985 

2000 

Coal 

12,560 

13,825 

16,140 

21,470 

31,360 

Petroleum 

35,090 

42,190 

50,700 

71,380 

Natural  Gat 

22,734 

25,220 

26,980 

28,390 

33,980 

Nuclear  Power 

405 

2,560 

6,720 

11,750 

49,230 

Hydropower 

2,798 

3,670 

3,990 

4,320 

5,950 

Total  

68,989 

80,265 

96,020 

116,630 

191,900 

1 Actual 
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If  it  is  assumed  that  development  of  geothermal  resources  would  substitute 
for  the  need  to  develop  an  equivalent  amount  of  electrical  energy  from 
the  above  sources,  the  various  estimates  for  geothermal  would  represent 
approximately  the  following  range  of  equivalent  amounts  and  percentages 
of  total  energy,  assuming  a load  factor  of  80  percent  for  geothermal 
power : 


1985  2000 


Tril.  Btu 

Bureau  of  Mines 

280 

Interior,  1972 

1,330 

NPC,  Case  I 

1,330 

Case  II 

245 

Hickel,  1972 

9,240 

Percent 

Tril.  Btu 

Percent 

0.2 

2,800 

1.5 

1.1 

5,250 

2.7 

1.1 

— 

— 

0.2 

-- 

-- 

7.9 

27,650 

14.4 

As  is  true  for  presently  installed  capacity,  the  bulk  of  the  generating 
capacity  in  the  area  of  high  geothermal  potential  will  be  in  the  Pacific 
region.  This  could  indicate  economic  constraints  on  geothermal  energy 
unless  the  geothermal  power  plant  is  either  (a)  substantially  closer  to 
the  load  centers  or  (b)  substantially  lower  in  production  costs,  thus 
enabling  transmission  costs  to  be  absorbed.  Geothermal  energy  is  a 
viable  heat  resource  only  when  the  total  costs  (including  environmental 
control  costs)  of  producting  and  distributing  this  power  is  lower  than 
the  total  costs  of  producing  and  distributing  power  produced  from  other 
energy  sources . 

Broad  estimates  of  the  cost  of  producing  new  electrical  power  from 
various  energy  sources  in  the  western  states  are: 


Power  Plant  Type  Power  Costs 

(Mills/kwh) 

Geothermal  (dry  steam)  5.25  U 

Gas  fired  - steam  6.7 

Coal  fired  - steam  8.2 

Hydroelectric  9.6 

Nuclear  - steam  9.6 

Geothermal  (hot  water)  9.7 

Oil  fired  - steam  10.0 


(See  Ch.  Ill,  D.  for  additional  detail) 

In  all  instances  it  is  assumed  that  the  plant  built  will  be  at  or  near 
the  scale  frontier,  i.e.,  the  plant  will  represent  the  largest  possible 
plant  of  that  type  with  existing  technology.  For  various  technical 
reasons,  the  geothermal  power  plants  will  be  small  units;  hence,  trans- 
mission cost  would  be  higher  for  moving  power  from  the  source  to  major 
load  centers. 

1 / By  contrast,  the  cost  of  transmission  may  work  in  favor  of  geothermal 
in  areas  where  loads  are  small  and  isolated. 
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b.  Technological  and  Resource  Information  Considerations 


The  principal  characteristics  of  a geothermal  electrical  generating 
plant  that  differ  greatly  from  those  of  a fossil  fueled  plant  are: 

(1)  the  greater  amount  of  steam  required  by  a geothermal  plant  to  pro- 
duce a kilowatt  hour  of  electrical  power,  (2)  their  relatively  small 
size,  and  (3)  the  absence  of  combustion  of  any  fuel  in  a geothermal 
plant.  The  first  two  differences  are  responsible  for  limitations  on 
the  efficiency  and  economy  of  scale  in  geothermal  plants. 

Geothermal  steam  generating  plants  are  small.  Their  capacity  is  gov- 
erned largely  by  the  steam  reserves  in  the  vicinity  of  the  plant  site, 
the  flow  of  steam  (or  hot  water)  at  each  well  supplying  the  plant,  and 
the  spacing  of  the  wells  and  of  the  plants.  A large  flow  of  steam  is 
required  in  geothermal  units  since  temperature  and  pressure  are  low  in 
comparison  to  fossil  fueled  (or  nuclear)  plants.  The  temperature  of 
steam  entering  turbines  at  The  Geysers  is  about  350°  F and  the  pressure 
is  about  100  pounds  per  square  inch.  In  contrast,  the  turbine  steam 
inlet  temperature  in  a modern  fossil-fueled  plant  is  about  1,000° F and 
the  pressure  about  3,500  psi.  The  heat  rate  at  The  Geysers  is  nearly 
22,000  Btu/kwh  as  compared  with  about  9,000  Btu/kwh  for  a modern  fossil- 
fueled  steam  electric  plant.  The  geothermal  plant  uses  about  2\  times 
as  many  pounds  of  steam  per  hour  for  comparable  electrical  output. 

Known  geothermal  resource  areas  and  areas  prospectively  valuable  for 
geothermal  energy  are  nearly  all  in  the  western  third  of  the  United 
States  and  Alaska,  except  for  the  geopressured  field  along  the  Gulf 
Coast.  With  a few  exceptions  they  are  far  from  large  load  centers  and 
are  scattered  over  a wide  area.  Aside  from  the  geothermal  areas  near 
the  west  coast  of  California,  any  large  blocks  of  electric  power  gener- 
ated from  geothermal  energy  would  have  to  be  transmitted  over  considerable 
distances . 

The  Geysers  field,  which  is  about  80  miles  north  of  San  Francisco,  is 

favorably  located.  • Its  present  (1972)  generating  capacity  is 

298  MW  and  it  is  estimated  to  have  a potential  of  1000  to  3000  MW. 

The  Imperial  Valley  geothermal  area  has  the  attractive  feature  of  being 
near  densely  populated  areas  in  southern  California.  Estimates  of  the 
potential  for  generating  electrical  power  from  geothermal  resources 
underlying  lands  in  the  Imperial  Valley  area  are  based  on  limited  know- 
ledge. However,  they  indicate  that  electric  power  generated  from  these 
geothermal  resources  could  supply  a substantial  portion  of  southern 
California's  requirements. 

At  The  Geysers  there  are  8 generating  units.  The  largest  units  each 
have  a generating  capacity  of  about  55  MW.  Generally,  there  is  a pair 
of  units  at  each  generating  station  which  provides  a capacity  of  about 
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110  MW.  By  contrast,  a modern  steam  electric  generating  unit  has  a 
capacity  of  about  800  MW.  Some  plants  with  several  such  units  have 
capacities  of  several  thousand  megawatts. 

The  generating  units  at  The  Geysers  are  in  a rectangular  area  about 
4 miles  long  and  2 miles  wide.  Optimum  spacing  for  these  generating 
plants  has  been  location  of  sites  about  a mile  apart.  Well  depth  varies 
from  less  than  1,000  feet  to  9,000  feet.  Part  of  the  difference  in 
depths  is  attributable  to  the  fact  that  the  altitude  over  the  area 
varies  from  1,500  feet  to  3,200  feet.  The  steam  output  from  an  indi- 
vidual well  ranges  from  40,000  lb/hr  from  the  shallow  horizon  to  as  much 
as  320,000  lb/hr  from  the  deeper  horizon. 

Superheated  hot  water  fields  such  as  those  found  in  the  Imperial  Valley 
area  in  southern  California  are  now  under  investigation.  A number  of 
test  wells  have  been  drilled  since  1961.  The  water  temperature  of  the 
geothermal  reservoirs  in  the  Imperial  Valley  is  considerably  above 
atmospheric  boiling  temperature  due  to  the  confining  pressure.  The 
water  contains  high  concentrations  of  dissolved  minerals  which  may 
represent  by-product  potential;  it  also  poses  engineering  problems  such 
as  corrosion,  scaling,  and  disposal. 

With  the  rising  of  hot  water  through  any  well  tapping  the  geothermal 
resources  of  this  area,  the  pressure  would  diminish.  At  the  wellhead 
and  during  flow  through  a steam-water  separator,  the  pressure  would 
diminish  further.  Steam  formed  by  vaporization  accompanying  the  pres- 
sure reduction  may  represent  approximately  20  percent  of  the  water 
produced  by  the  well..  This  steam  would  be  available  for  power  generation. 

A technological  innovation  currently  receiving  attention  could  make  pos- 
sible the  generation  of  electric  power  by  utilizing  some  of  the  heat 
in  water  at  temperatures  below  atmospheric  boiling  point  as  well  as 
higher  temperature  water.  In  this  new  system,  a low  boiling  point  fluid 
such  as  isobutane  or  freon  is  vaporized  in  a heat  exchanger,  which  trans- 
fers heat  from  water  supplied  by  geothermal  wells  to  the  low  boiling 
point  fluid.  In  an  isobutane  system,  for  example,  the  isobutane  vapor 
builds  up  pressure  to  drive  a turbine.  After  expanding  through  the 
turbine,  the  isobutane  is  condensed  and  returned  to  the  heat  exchanger 
and  the  cycle  is  repeated.  Water  from  geothermal  wells  after  passing 
through  the  heat  exchanger  can  be  reinjected  into  the  geothermal  reser- 
voir. 

A small  plant  of  this  type  has  been  built  in  the  USSR,  and  development 
work  on  components  of  the  system  is  being  conducted  in  the  United  States. 

If  such  technology  is  proved  to  be  economically  viable,  it  could  apply  to 
geothermal  reservoirs  whose  temperatures  are  too  low  for  steam  production, 
a rather  large  segment  of  the  potential  geothermal  resources.  It  also 
would  make  possible  utilization  of  a greater  portion  of  the  heat  than  is 
possible  with  present  technology  in  higher  temperature  hydrothermal  systems. 
Low  boiling  point  fluid  process  also  may  offer  a means  of  reducing  scaling 
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and  corrosion  problems  in  power  generation  plants.  This  technology 
appears  to  have  some  attractive  features;  however,  any  judgment  at  pres- 
ent as  to  how  soon  and  the  extent  to  which  it  may  find  industrail  appli- 
cation would  be  conjectural. 

Beneath  the  northern  Gulf  coast  is  a geopressured  field,  a sedimentary 
basin  in  which  interstitial  hot  water  is  confined  under  higher  pressure 
than  ordinary  for  the  depths  involved.  Sedimentary  basins  of  this  type 
at  other  locations  in  the  United  States  are  known,  but  they  appear  to 
have  less  appeal  at  the  present  time.  The  geothermal  energy  in  these 
sedimentary  basins  may  represent  a significant  resource  potential.  How- 
ever, determination  of  its  significance  must  await  resource  assessment 
studies,  demonstration  of  recovery  technology,  and  determination  of  eco- 
nomic feasibility. 

Hot,  dry  rock  may  represent  a significant  potential  geothermal  energy 
resource.  Recovery  of  heat  from  this  source  is  not  economic  at  present. 
Determining  its  significance  as  a future  energy  source  will  depend, 
among  other  things,  on  (1)  ascertainment  of  the  availability  of  rock  at 
sufficiently  high  temperature  at  depths  less  than  10,000  feet,  assuming 
present  drilling  techniques,  and  (2)  development  of  technology  for 
recovering  energy  from  dry,  hot  rock. 

Conceptual  studies  of  recovery  methods  from  hot,  dry  rock  have  been  made. 
Basically,  these  methods  involve  fracturing  the  rock  to  provide  passage- 
ways, injecting  water  into  the  fractured  area,  heating  of  water  (and  steam 
in  some  instances)  by  the  hot  rock,  and  using  the  energy  absorbed  by  the 
water  (or  steam)  to  generate  electric  power.  Two  methods  of  fracturing 
and  subsequent  energy  recovery  have  been  proposed. 

One  method  proposes  a technique  known  as  hydraulic  fracturing  or  "hydro- 
fracing,”  a technique  used  by  the  oil  industry.  In  this  method  a hole 
is  drilled  into  the  hot  zone.  Water  is  forced  into  the  hole  under  suffi- 
cient pressure  to  cause  fracturing  of  the  rock.  Additional  fracturing 
(thermal  fracturing)  results  from  thermal  stresses  induced  by  temperature 
changes.  A second  hole  is  drilled  into  the  upper  part  of  the  fractured 
zone.  Injected  water  flowing  through  the  fractured  zone  absorbs  heat 
and  the  heated  water  flows  to  the  surface  through  the  second  hole.  The 
hot  water,  under  pressure,  flows  through  a heat  exchanger,  which  transfers 
the  heat  to  a secondary  fluid  that  serves  as  the  working  fluid  in  a power 
generation  cycle. 

Another  method  that  has  been  suggested  envisions  the  use  of  a nuclear 
explosive  in  hot,  dry  rock,  resulting  in  formation  of  a cavity  filled 
with  rubble  and  a fractured  zone  surrounding  the  rubble.  Water  might  be 
introduced  into  the  bottom  of  the  cavity.  Relatively  high  temperature, 
high  pressure  steam  would  be  formed  in  a cavity.  This  steam,  transmitted 
to  the  surface,  could  be  used  to  generate  power.  The  condensed  steam 
might  be  returned  to  the  bottom  of  the  underground  cavity,  whereupon  the 
cycle  could  be  repeated.  While  this  method  may  have  potential  at  some 
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future  date,  much  research  and  development  will  be  required  and 
significant  environmental  impacts  could  be  involved.  Currently,  no 
research  of  this  method  is  being  conducted.  Prior  to  such  research  a 
thorough  environmental  evaluation  would  have  to  be  conducted.  (Discus- 
sion of  nuclear  stimulation  of  gas  reservoirs  is  included  in  Ch.  IV, 
Section  4,  Alternative  Sources  for  Electrical  Energy.) 

A number  of  potential  technological  problems  are  associated  with  these 
systems,  and  questions  relating  to  technical  feasibility  can  be  answered 
only  by  research  and  development  efforts  and  eventual  field  tests.  In 
addition,  environmental  and  public  acceptance  problems  will  have  to  be 
solved.  Firm  assessment  of  economic  feasibility  also  must  await  the 
outcome  of  research,  development,  testing,  and  actual  production  programs. 

Undoubtedly,  the  amount  and  intensity  of  future  research  and  development 
effort  will  have  an  important  bearing  on  the  rate  of  development  of  geo- 
thermal resources.  Along  with  other  factors,  known  technology  and  some 
of  the  technology  under  development  can  be  expected  to  lead  to  growth  of 
the  geothermal  industry  to  a few  thousand  megawatts  during  the  next  10 
or  12  years.  Depending  on  the  intensity  of  research  and  development 
effort,  totally  new,  undeveloped  technology  may  come  into  commercial 
practice  on  a significant  scale  in  10  to  20  years.  From  the  standpoint 
of  such  anticipated  geothermal  energy  production  technology,  rapid  growth 
of  the  industry  could  be  expected  during  the  last  15  or  20  years  of  this 
century. 
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c.  DEVELOPMENT  OF  GEOTHERMAL  RESOURCES 


Development  and  production  of  geothermal  resources  involve  six  phases: 
exploration,  test  drilling,  production  testing,  field  development, 
powerplant  and  powerline  construction,  and  full-scale  operations. 

Each  successive  step  is  dependent  upon  successful  results  in  the  pre- 
vious phases.  Because  of  limited  knowledge  of  the  occurrence,  loca- 
tion, and  properties  of  geothermal  resources  as  related  to  both  energy 
and  by-product  water  and  mineral  materials,  it  is  not  possible  in  this 
general  statement  to  specifically  predict  the  success  or  failure  of  any 
lease  site  or  to  make  a categorical  prediction  about  the  program  as  a 
whole.  However,  the  probabilities  are  believed  good  that  several  new 
geothermal  fields  comparable  to  those  already  proven  commercial  for 
energy  production  will  be  developed  and  that  significant  economic  pro- 
duction of  fresh  water  and  minerals  also  may  result. 

Geothermal  reservoir  systems  can  be  divided  into  two  broad  categories 
on  the  basis  of  the  fluid  produced:  (1)  vapor -dominated  (dry  steam) 

systems,  and  (2)  hot-water  systems  (Appendix  G) . The  vapor-dominated 
systems  yield  steam  and  other  gases  with  little  or  no  associated  water. 
The  hot-water  systems  (Figures  II-6  and  II-7)  yield  water,  and  if  the 
temperature  is  sufficiently  high,  some  of  the  water  flashes  to  steam, 
which  can  be  directed  through  turbines  to  generate  electricity.  The 
commercial-scale  geothermal  power  development  at  The  Geysers,  Califor- 
nia, is  a vapor -dominated  system;  however,  most  hot-springs  systems  in 
the  United  States,  including  most  of  KGRA's,  yield  fluids  that  are 
dominated  by  hot  water  rather  than  by  steam. 

Exploration  for  geothermal  reservoirs  of  commercial  value  in  both  known 
and  potential  geothermal  resource  areas  includes  topographic  mapping, 
geologic  mapping  and  field  investigations,  ground  and  spring  temperature 
surveys,  geochemical  sampling,  geophysical  surveys  and  shallow  informa- 
tional drilling. 

Test  wells  may  vary,  depending  on  the  geological  conditions  and  the 
objectives,  from  boreholes  with  diameter  of  about  4 inches  to  24  inches 
and  in  depth  from  a few  hundred  to  several  thousand  feet,  with  the 
deepest  in  the  5,000  to  10, 000- foot  range.  The  equipment  and  the  control 
measures  for  drilling,  sampling,  and  completion  have  to  be  appropriate 
for  different  situations.  Where  the  principal  objective  is  to  outline 
prospective  areas  by  collecting  data  on  thermal  gradients  or  geologic 
structure,  and  steam-producing  zones  will  not  be  penetrated,  small 
diameter  boreholes  may  be  put  down  by  small  or  medium-sized  drill  rigs 
to  a depth  of  about  2,000  feet.  For  test  wells  intended  to  investigate 
the  potential  reservoirs  with  large  diameter  and  deeper  boreholes,  the 
current  drilling  equipment,  technology,  and  methods  are  similar  to  those 
used  in  oil  and  gas  operations  (Figure  II-8) . 

A test  well  which  has  intersected  a geothermal  reservoir  with  favorable 
temperature,  fluid  composition,  and  formation  characteristics  generally 
leads  to  the  drilling  of  a production  well  and  production  testing  of  the 
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TEMPERATURE  50°  F„  at  surface 
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Figure  II-6.  Diagramatic  representation  of  hot  spring  system  with  high  rate  of  upflow. 


TEMPERATURE  “Feeble” 

, warm  springs 
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Figure  II-7.  Diagramatic  representation  of  insulated  geothermal  reservoir  with  little  or 
no  leakage.  Imperial  Valley  is  an  example  of  such  systems. 


Figure  II-8.  Typical  drilling  rig  used  for  geothermal  exploration  and 
development,  Larderello,  Italy 
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reservoir.  Such  testing  is  designed  to  determine  the  flow  rate,  re- 
charge characteristics,  pressure,  compressibility,  and  other  physical 
properties  of  the  reservoir  and  reservoir  fluids  and  further  to  evaluate 
temperature,  composition,  and  formation  characteristics.  Production 
testing  is  the  transitional  stage  between  exploration  and  potential 
production  of  a geothermal  reservoir. 

In  the  field  development  phase,  the  principal  activity  is  the  drilling 
and  testing  of  a number  of  wells  needed  to  prepare  the  field  for  opera- 
tion. In  a large  field,  as  new  power-generating  units  are  developed, 
the  drilling  and  testing  of  wells  could  continue  for  many  years  as  ad- 
ditional power  generating  units  are  developed.  Normally  several  wells 
are  required  to  provide  the  geothermal  energy  necessary  to  power  a 
single  electrical  generating  unit  (Figure  II-9) . 

The  steam  in  the  operating  field  of  Larderello  in  Italy  and  The  Geysers 
in  California  both  have  reservoir  temperatures  that  are  rather  uniformly 
near  240°C.  Exceptionally  high  reservoir  temperatures  of  over  300°C.  occur 
in  the  Salton  Sea  and  Cerro  Prieto  fields  in  the  Imperial  Valley.  Reservoir 
temperatures  of  at  least  180°C.  for  hot  water  systems  are  considered  neces- 
sary for  electric  power  cycles  of  the  type  shown  in  Figure  11-10.  Tech- 
niques for  commercial  power  generation  from  lower  temperature  geothermal 
fluids,  as  shown  in  Figure  Il-ll  are  still  in  the  research  and  development 
stage. 

Power  generation  and  transmission  facilities  would  be  constructed  in 
stages  to  establish  the  most  efficient  scope  for  the  project  in  relation 
to  the  associated  geothermal  reservoir.  A geothermal  powerplant,  in 
contrast  to  a conventional  steam-electric  installation,  has  no  conven- 
tional boiler,  firebox,  combustion  or  combustion  products  (Figure  11-12). 
However,  it  is  practicable,  due  to  pressure  and  temperature  drops,  to 
transport  steam  only  about  1 mile.  All  geothermal  powerplants  installed 
to  date  have  been  small  when  compared  to  other  types  of  powerplants,  not 
exceeding  110  MW  at  an  individual  site.  It  is  expected  that  this  pattern 
of  development  will  continue. 

Electrical-energy  generation  during  full-scale  operations  would  be  at 
its  maximum  and  generally  may  be  expected  to  continue  at  approximately 
the  full-scale  level  for  many  years.  All  initial  facilities  associated 
with  production  and  conversion  of  geothermal  energy,  and  byproduct, 
facilities,  e.g.,  a processing  plant  for  extracting  valuable  chemicals 
or  minerals  from  geothermal  fluids,  and/or  facilities  for  producing  and 
perhaps  storing  fresh  water  might  serve  as  a pilot  plant  for  making 
improvements  and  additions  to  the  project.  Likewise,  operation  of  a 
plant  addition  might  provide  useful  data  for  planning  and  designing  the 
next  addition.  Data  would  be  accumulated  from  the  outset  by  the  operator 
and  would  be  available  for  designing  environmental  safeguards,  as  well 
as  for  designing  other  types  of  improvements. 

The  processing  for  fresh  water  and  minerals  as  byproducts  is  expected  to 
be  of  commercial  interest  at  some  geothermal  installations.  Another 
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Figure  II-9.  Map  of  typical  layout  of  wells  and  pipelines  at  Cerro 
Prieto  Field,  Mexico 

Source:  Cerro  Prieto,  Energia  del  subsuele,  comision  federal  de 

electricidad,  Mexico  City,  1971 
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Figure  11-10.  Diagram  of  power  cycle  of  a geothermal  development  of  a hot-water  system 

employing  high  and  low  pressure  turbines. 
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Figure  11-11.  Diagram  of  power  cycle  of  a binary  system,  in  which 

geothermal  heat  energy  is  transferred  to  a low-boiling 
point  fluid  (in  heaters)  to  drive  turbines 


11-31 


§ 
o 
d 
o 
c n 


vo 


o 

Q. 

M 

CtC 

8 

>- 

a 


T3 

C 

cO 

m 

co  • 

•U 

•M  CM 

C 

D o\ 

r~4 

3 . 

• •“> 


60  5? 

<0  c 

•M  G 

•O  tH 

0)  w 
O 

C «0 

cO  *H 

« fi 

O 
CM 
•U  *M 
CO  i-H 

<U  CCJ 

W o 


CM 


0) 

M 

3 

60 

•H 

fj-i 


aspect  of  the  utilization  of  geothermal  resources  is  the  extraction  of 
heat  from  geothermal  fluids  for  purposes  other  than  electric  power 
generation--such  as  space  heating  and  various  industrial  and  agricultural 
processes.  Where  these  potentialities  are  found  economical  and  environ- 
mentally suitable,  special  large  mineral  extraction  and  water-treatment 
plants,  and  related  storage  and  transport  facilities,  in  addition  to  the 
powerplant  and  powerlines  will  be  needed. 

In  full-scale  operation,  the  form  that  the  system  of  wells, 
steam  and  hot  brine  pipelines,  powerplants  and  powerlines,  roads  and 
living  facilities  assumes,  will  fundamentally  be  influenced  by  the 
nature  of  the  geothermal  reservoir  as  it  is  worked  out  in  the  field 
development  stage  over  a period  of  years.  The  surficial  conditions-- 
such  as  topography,  nongeothermal  land  use,  water  supply  for  cooling, 
and  progress  in  geothermal  technology  are  also  major  factors. 

From  limited  past  experience,  chiefly  outside  the  United  States,  examples 
of  the  strongly  contrasting  types  of  full-scale  operations  that  may  be 
expected  in  this  country  are  the  pioneer  Larderello  field  in  Italy  and  the 
Wairakei  field  in  New  Zealand.  In  the  Larderello  field,  which  is  a 
vapor-dominated  (dry  steam)  reservoir,  there  were  13  powerplants  with  a 
total  capacity  of  about  360  MW  in  1970.  Steam  is  obtained  from  467  wells 
distributed  over  a 65-square  mile  area  of  hilly  cultivated  fields  and 
pasturelands  in  which  the  attractive  community  of  Larderello  and  a few 
villages  are  located  (Figure  11-13).  The  steam  condensate  is  largely  con- 
sumed in  cooling  towers  (Figure  11-14) . In  the  Wairakei  hot-water  field 
there  were  61  producing  wells  providing  steam  for  a 160-MW  powerplant  in 
1970.  The  wells  are  concentrated  in  a compact  well  field  of  less  than 
1-square  mile  area  in  a broad  open  valley.  The  flashed  steam  and  brine 
are  separated  near  the  wellheads  and  collected  into  a main  trunkline 
pipe  system  to  the  powerplant  located  about  1 mile  from  the  field  on  a . 
large  river  (Figure  11-15) . The  river  is  a source  of  cooling  water  and 
also  provides  for  disposal  of  the  geothermal  brine. 

The  style  in  which  The  Geysers  field,  the  only  commercial  operation  in 
the  United  States,  is  evolving  in  the  mountainous  Coast  Range  terrain  of 
northern  California  is  quite  different  from  either  of  the  above.  This 
development  is  described  in  detail  in  Chapter  V relative  to  the  proposed 
leasing  in  the  Clear  Lake-Geysers  area.  The  specific  patterns  of  success- 
ful future  operations  elsewhere  in  the  United  States  will  vary  substantially 
in  response  to  the  particular  geologic,  topographic,  technologic  and  socio- 
economic backgrounds  prevalent  in  the  area. 
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Figure  11-13.  Compatible  land  use  at  Larderello  Field,  Italy.  Steam  lines  crossing  grain  fields  and 

vineyards  involve  minimum  use  of  land  for  geothermal  development. 
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Figure  11-14.  Natural  draft  cooling  towers  employed  at  Larderello  geothermal  development,  Italy. 
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Figure  11-15.  Wairakei  Geothermal  Field.  View  of  steam  collector  lines  approaching  powerplant. 


D.  DESCRIPTION  OF  THE  ENVIRONMENT 


Public  land  ownership  varies  widely  in  the  western  states.  Table  II-3 
shows  the  acreage  and  percentage  of  Federal  ownership  by  states. 

Figures  11-16  and  II-16a  show  the  location  and  the  Federal  land  owner- 
ship percentage  relationships  for  the  11  contiguous  western  states. 

Section  3 of  the  Geothermal  Steam  Act  of  1970  defines  the  portion  of 
the  public  lands  potentially  available  for  geothermal  leasing.  These 
include  principally:  (1)  public,  withdrawn,  and  acquired  lands  adminis- 

tered by  the  Secretary  of  the  Interior  (approximately  451  million  acres  in 
25  states);  (2)  national  forests  and  other  lands  administered  by  the  Forest 
Service,  Department  of  Agriculture  (approximately  187  million  acres  in  45 
states  and  Puerto  Rico) ; and  (3)  lands  containing  a reservation  to  the  United 
States  of  the  geothermal  resources.  These  lands  total  638  million  acres. 

The  Known  Geothermal  Resources  Areas  (KGRAs)  and  lands  considered  pros- 
pectively valuable  for  geothermal  resource  development  are  scattered 
throughout  the  western  states  of  Alaska,  Washington,  Oregon,  California, 
Nevada,  Idaho,  Montana,  Wyoming,  Utah,  Arizona,  New  Mexico,  Colorado 
and  South  Dakota.  These  geothermal  resource  areas  contain  about  57  mil- 
lion acres  of  Federal  land  or  about  9 percent  of  the  total  Federal 
acreage.  In  these  areas,  higher  than  normal  temperature  gradients  are 
likely  to  occur  and  there  is  a reasonable  possibility  of  finding  reser- 
voir rocks  that  will  yield  steam  or  heated  fluids  to  wells  at  depths 
accessible  by  present  drilling  technology.  Most  geothermal  leasing 
probably  will  be  confined  to  these  geothermal  resource  areas. 

The  geology  of  the  western  United  States,  including  Alaska,  is  very 
complex.  The  stratigraphy  includes  rocks  from  Pre-Cambrian  to  Holocene 
Age,  structures  from  simple  to  complex,  and  a variety  ot  tectonic 
regimes,  including  active  fault  zones  with  associated  earthquakes.  Geo- 
thermal resource  areas  are  those  that  include  Tertiary  or  Quaternary 
volcanic  areas;  areas  which  have  geysers,  fumaroles,  mud  volcanos,  or 
thermal  springs,  and  areas  with  subsurface  geothermal  gradients  in 
excess  of  two  times  normal.  Because  the  geology  of  each  geothermal 
resource  area  may  be  different,  detailed  geologic  discussions  are  pos- 
sible only  on  a site-by-site  basis. 

The  terrain  of  the  geothermal  lands  is  diverse,  encompassing  lands  in 
the  Great  Basin,  the  Rocky  Mountains,  the  mountains  along  the  Pacific 
Coast,  and  Cascade  Range,  and  the  Aleutian  Islands.  These  lands  in- 
clude forests,  grasslands,  high  and  low  desert  lands,  lands  covered  by 
tundra  and  agricultural  lands. 

Mean  annual  precipitation  of  the  western  United  States  ranges  from  lows 
of  0-8  inches  per  year  in  desert  regions  to  highs  in  excess  of  128  inches 
along  the  northwest  Pacific  coast  and  in  some  high  mountain  regions. 
Temperatures  are  widely  variable  over  the  region,  with  some  locations 
averaging  in  excess  of  300  frost-free  days  per  year  to  areas  with  under 
60  frost-free  days  per  year  (Geological  Survey,  1970,  National  Atlas). 

Vegetation  varies  from  desert  and  tundra  types  to  humid  coastal  forests. 
Existing  land-use  patterns  and  management  principally  include  mining  and 
mineral  operations,  timber  production,  livestock  grazing,  fish  and 
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Table  II-3* 


PUBLIC  LAND  STATISTICS 


Comparison  of  federal  owned  land  with  total  acreage  of  States  as  of 
June  30,  1970 


Acreage  owned  by  the  Federal  Government 


State 

Public 

domain 

Acquired 
by  other 
methods 

Total 

Acreage  not 
owned  by 
Federal 
Government 

Acreage  of 
State1 

Percent 
owned 
by  Gov- 
ernment 

Alabama 

26,703.4 

1.075,354.7 

1,102.058.1 

31,576,341.9 

32,678,400 

3.372 

Alaska 

353,403.875. 1 

141,601.1 

353,545.476.2 

11,936,123.8 

365.481,600 

96.734 

Arizona 

32,037.265.8 

299,311.2 

32,336,577.0 

40,351 ,423.0 

72,688,000 

44,487 

Arkansas 

1.067.783.0 

2,099,499.8 

3.167,282.8 

30,432,077.2 

33,599,360 

9.427 

California 

42,613.739.6 

2,290,133.1 

44,903,872.7 

55,302.847.3 

100,206.720 

44.811 

Colorado 

23.122,630.8 

654,613.2 

23,777,244.0 

42,708,516.0 

66.485.760 

35.763 

Connecticut 

0 

9,338.9 

9,338.9 

3,126,021.1 

3,135,360 

.298 

Delaware 

District  of 

0 

39,253.0 

39,253.0 

1,226,667.0 

1,265.920 

3.101 

Columbia 

0 

10,335.3 

10,335.3 

28,704.7 

39,040 

26.474 

Florida - . 

370,941.6 

3,045.014.2 

3,415,955.8 

31,305,324.2 

34,721,280 

9.838 

Georgia 

0 

2,147,991.9 

2,147,991.9 

35.147.368. 1 

37,295,360 

5.759 

Hawaii 

0 

396.900.7 

396.900.7 

3,708,699.3 

4.105,600 

9.667 

Idaho 

33.016.681.3 

7S0.420.7 

33,797.102.0 

19,136,018.0 

52,933,120 

03.849 

Illinois 

408.2 

551 .864.9 

552,273.1 

35,242,926.9 

35,795,200 

1.543 

Indiana 

432.0 

440,751.7 

441,183.7 

22,717,216.3 

23,158,400 

1.905 

Iowa 

340.8 

219,904.1 

220,244.9 

35.640,235.1 

35,860,480 

.614 

Kansas 

26.734.8 

653,978.0 

680,713.4 

51,830.006.6 

52,510,720 

1.298 

Kentucky 

0 

1,269,081.6 

1,269,081.6 

24,243,238.4 

25,512,320 

4.974 

Louisiana 

19.499.7 

1,020,838.0 

1,040,337.7 

27.827.502.3 

28,867,840 

3.604 

Maine 

0 

130,297.0 

130,297.0 

19,717,383.0 

19,847.680 

.656 

Maryland 

Massa- 

0 

194,753.6 

194,753.6 

6,124,606.4 

6,319,360 

3.082 

chusetts 

0 

77,434.0 

77,434.0 

4,957,446.0 

5,034,880 

1.538 

Michigan 

291,852.4 

3,068,464.2 

3,360,316.6 

33,131,843.4 

36,492,160 

9.208 

Minnesota 

1,287.157.5 

2,031,457.7 

3,318,615.2 

47,887,144.8 

51,205,760 

6.481 

Mississippi 

5,528.7 

1,570,972.6 

1,576,501.3 

28,646,218.7 

30.222,720 

5.216 

Missouri 

2.604.3 

1,948,169.0 

1,950,773.3 

42,297,546.7 

44,248,320 

4.409 

Montana 

25,129,785.2 

2,500,223.6 

27,630.008.8 

65,641,031.2 

93.271,040 

29.623 

Nebraska 

260,400.6 

461,040.2 

721,440.8 

48,310,239.2 

49,031,680 

1.471 

Nevada 

New  Hamp- 

60,895,195.2 

1 54 , 265 . 4 

61,049,460.6 

9,214,859.4 

70,264,320 

86.885 

shire 

0 

707,413.2 

707,413.2 

5,061,546.8 

5,768,960 

12.262 

New  Jersey 

0 

118,096.0 

118,096.0 

4,695,344.0 

4,813,440 

2.453 

New  Mexico.. 

24.804.919.7 

1,596,721.3 

26,401,641.0 

51,364,759.0 

77,766,400 

33.950 

New  York 

North 

0 

234,582.1 

234,582.1 

30,446.377.9 

30,680,960 

.765 

Carolina 

0 

1,949,441.3 

1,949,441.3 

29,453.438.7 

31,402,880 

6.208 

North  Dakota. 

207,648.0 

1,942.194.6 

2,149,842.6 

42,302,637.4 

44,452,480 

4.836 

Ohio 

85.0 

290,071.3 

290,156.3 

25,931,923.7 

26,222,080 

1.107 

Oklahoma 

149,498.1 

1 .299,625.4 

1,449,123.5 

42,638,556.5 

44,087.680 

3.287 

Oregon 

30,997,834.3 

1,211,468.5 

32,209,302.8 

29,389,417.2 

61,598,720 

52.289 

Pennsylvania.. 

0 

632,424.8 

632,424.8 

28,172.055.2 

28,804.480 

2.196 

Rhode  Island.. 
South 

0 

7,772.1 

7,772.1 

669,347.9 

677.120 

1.148 

Carolina 

0 

1,135,107.6 

1,135,107.6 

18,238,972.4 

19,374,080 

5.859 

South  Dakota. 

1,593,702.7 

1,752,047,5 

3,345,750.2 

45,536.169.8 

48,881,920 

6.845 

Tennessee 

0 

1,732,897.9 

1,732,897.9 

24.994.7S2. 1 

26,727,680 

6.484 

Texas 

0 

3,047.528.1 

3,047.528.1 

165,170,071.9 

168,217,600 

1.812 

Utah.. 

34,501,694.2 

520.353.6 

35,022,047.8 

17,674,912.2 

52,696,960 

66.459 

Vermont 

0 

264,308.5 

264,308.5 

5,672,331.5 

5,936,640 

4.452 

Virginia 

0 

2,219,807.0 

2,219,807.0 

23,276,513.0 

25,496,320 

8.706 

Washington 

11,130,587.5 

1,469,765.5 

12.600,353.0 

30,093,407.0 

42.693,760 

29.513 

West  Virginia- 

0 

1,023,491.8 

1,023,491.8 

14,387,068.2 

15,410,560 

6.641 

Wisconsin 

9,892.2 

1,784.726.0 

1,794,618.2 

33,216,581.8 

35,011,200 

5.126 

Wyoming 

29,460,919.0 

641,464.4 

30,102,383.4 

32.240.656.6 

62,343,040 

48.285 

Total... 

706,436,340.7 

54,864,572.5 

761,300,913.2 

1.510.042,446.8 

2,271.343.360 

33.518 

1 Does  not  include  Inland  water. 

* Excludes  trust  properties. 

Source:  Inventory  Report  on  Real  Property  Owned  by  the  United  States  Throughout  the  World, 
published  by  General  Services  Administration. 
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Figure  11-16.  Percentage  of  Federally  Owned  Land  Within  Each  State 
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Figure  1I-16&.  MAJOR  FEDERAL  public  land  areas  in  the  western  united  states 
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wildlife  habitat,  and  outdoor  recreation.  These  lands  include  important 
open  space  and  watersheds.  Lands  subject  to  leasing  do  not  include 
towns  or  cities  and  generally  are  not  the  sites  of  significant  industrial 
or  commercial  developments. 

The  public  lands  in  these  western  states  are  not  all  characterized  as 
vast,  wild  or  semideveloped  expanses.  In  many  instances,  public  lands 
are  scattered  in  relatively  small  tracts  among  largely  privately  owned 
lands.  Such  small  tracts  of  relatively  undeveloped  Federal  land,  may 
best  be  managed  consistent  with,  or  in  support  of,  surrounding  land 
uses . 

Public  lands  in  the  western  states,  many  of  which  may  have  potential  for 
geothermal  development,  have  very  diverse  environmental  characteristics 
which  do  not  lend  themselves  to  a detailed  description  in  this  general 
statement.  A detailed  description  of  the  environment  will  be  included 
in  a portion  of  the  environmental  evaluation  or  impact  statement  as  re- 
quired for  each  new  leasing  area  prior  to  leasing  for  geothermal  develop- 
ment. However,  a discussion  of  broad  ecological  relationships  of  geo- 
thermal leasing  to  broad  biological  communities,  or  biomes,  of  the  western 
states  can  be  of  value  in  establishing  the  general  setting  within  which 
more  site  sensitive  environmental  evaluations  will  be  made. 


Biomes  are  major  biotic  communities;  that  is,  natural  groups  of  organ- 
isms characterized  by  the  occurrence  of  certain  plants  and  animals 
which  are  "dominant"  and  "influent."  International  Biome  Programs  (IBP) 
have  been  initiated  to  analyze  basic  ecosystems,  and  among  other  goals 
to  establish  a scientific  base  for  programs  to  maintain  or  improve 
environmental  quality.  Sharp  demarcation  lines  between  biomes  have  not 
been  developed.  Therefore,  to  utilize  the  basic  advantages  of  the  biome 
approach  and  to  collect,  analyze  and  recommend  on  the  numerous  potential 
effects  of  the  action  of  geothermal  leasing,  organizational  biome 
boundaries  which  include  both  aquatic  and  terrestrial  communities  are 
generally  identified  in  Figure  11-17. 


It  must  be  recognized  that  within  each  of  the  general  biomes,  biological 
"islands"  or  overlapping  characteristics  of  the  other  biomes  may,  and 
often  do,  occur  due  to  geographical,  climatic,  altitudinal  and  other 
variations . In  these  islands,  the  descriptions  and  impacts  covered  in 
the  other  general  biomes  may  be  applicable.  These  will  be  recognized 
in  subsequent  individual  environmental  analyses  made  for  future  proposed 
leasing  actions  in  those  specific  areas  where  significant  impacts  may 
occur.  Appropriate  detailed  treatment  will  be  given  at  that  time. 

The  197.3  Department  of  the  Interior  edition  of  Threatened  Wildlife 
indicates  that  approximately  31  fish  species,  10  reptile  and  amphi- 
bious species,  21  bird  species  and  17  mammal  species,  excluding  marine 
mollusks  that  are  listed  as  threatened,  could  directly  or  indirectly 
be  impacted.  In  addition,  there  are  an  estimated  65  peripheral  species 
and  69  species  whose  status  is  presently  undetermined  that  could  be 
impacted.  Wherever  threatened  species  may  be  involved,  specific  attention 
must  be  given  to  assure  that  geothermal  leasing  will  not  result  in 
unacceptable  adverse  impacts  on  such  species. 
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Various  States  have  their  own  flora  and  fauna  listing  for  species  they 
consider  threatened  within  their  boundaries.  These  may  differ  from  the 
national  listing  so  close  coordination  with  State  officials  will  be 
required  to  assure  that  adequate  protective  measures  are  taken. 

Since  these  species  of  wildlife  involve  special  consideration  by  local 
areas  within  biomes  or  various  biomes  and  grouping  of  biomes  associated 
with  their  total  life  cycle,  they  will  not  be  discussed  individually  in 
this  general  environmental  section.  Instead,  they  will  be  given  ap- 
propriate treatment  and  consideration  within  the  evaluation  process  for 
each  proposed  leasing  action. 

Overview  of  the  Western  Biomes  Under  Consideration:  — ^ 

1.  Grasslands  Biome.  Grasslands  occur  where  precipitation  is  too  low 
to  support  the  forest  life  zone,  but  is  higher  than  that  which  results 
in  desert  life  forms.  Soils  are  highly  characteristic  and  contain 
large  amounts  of  humus.  Larger  grazing  animals  are  dominant,  and  a 
large  proportion  of  the  mammals  are  funning  or  burrowing  types.  Much 
of  the  grassland  has  been  converted  to  agricultural  cropland  and 
domestic  livestock  grazing  uses.  Generally,  the  percent  of  Federal 
ownership  of  sub-surface  mineral  resources  in  this  biome  is  limited 
because  of  historical  land  disposition  actions  which  included  the  mineral 
estate. 

2.  Desert  Biome.  Deserts  are  shrub-vegetated  ecosystems  generally  oc- 
curring in  regions  with  less  than  10  inches  of  annual  precipitation  and 
having  heavy  extremes  of  weather  patterns.  The  vegetation  is  adapted 
to  aridity,  and  bare  earth  is  a conspicuous  feature  with  little  humus 
being  formed.  Deserts  that  are  generally  warm  throughout  the  year,  and 
very  hot  in  summer,  are  called  hot  deserts;  while  those  which  become 
very  cold  in  winter  are  called  cold  deserts.  Animals  are  adjusted  phy- 
siologically or  in  habits  of  life  to  tolerlate  the  arid  environment. 

Most  of  the  area  remains  in  native  state  and  primarily  is  used  for  live- 
stock grazing  and  increasingly  for  recreation. 

3.  Woodland-Bushland  Biome.  Wood land -bushland  communities  generally 
occur  as  biological  islands  at  higher  elevations  in  the  desert  and 
grassland  biomes  or  in  ecotones  (transitional  zones)  between  larger 
biomes  such  as  the  desert  or  grassland  to  coniferous  forest  transitions. 
Vegetative  cover  ranges  from  shrub  species  typical  in  the  cold  desert 

to  brush  and  small  tree  species  as  precipitation  generally  increases 
with  elevation.  However,  there  is  a diversity  of  species  and  climatic 
conditions  between  the  subregions  of  this  biome.  Animal  populations 
are  equally  diverse,  ranging  from  numerous  small  reptilian  species, 
rodents  and  small  predators,  to  larger  browsing  mammals  with  a com- 
parable range  of  bird  species,  the  most  evident  being  the  soaring  pre- 
dators and  scavengers. 

The  proportion  of  Federally  managed  land  and  subsurface  resources  is 
generally  high  throughout  the  Woodland-bushland  biome. 

1 J Extensive  use  was  made  of  a wide  range  of  references  to  develop  this 
broad  biome  presentation.  A listing  of  such  sources  is  included  at 
the  end  of  this  section 
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4.  Coniferous  Forest  Biome.  The  coniferous  forests  represent  a diversity 
of  environments,  species  compositions,  soils,  resource  products  and  land 
uses  under  greatly  varying  climatic  conditions.  Essentially  in  high 
precipitation  areas  with  a great  capacity  for  vegetative  growth,  the 
coniferous  forests  are  used  primarily  for  wood  and  water  production. 
However,  high  recreation  values  are  bringing  recreation  to  the  forest  as 
an  increasingly  important  use,  and  suburban  encroachment  is  growing  in 
forest  areas  adjoining  population  centers. 

5.  Tundra  Biome.  The  tundra  community  encompasses  all  of  the  treeless 
area  in  Alaska  north  of  the  Brooks  Range  and  also  extends  along  the 
Seward  Peninsula  into  the  Aleutian  Chain.  Its  vegetation  consists  pri- 
marily of  low  grasses,  sedges,  lichens  and  mosses.  Precipitation  is 
low,  occurring  mostly  as  snow.  Low  to  extremely  low  temperatures  pre- 
vail, leaving  a brief  growing  season.  Many  warm  blooded  animals  remain 
active  despite  the  climatic  rigors.  Permafrost  is  a dominant  soil  con- 
dition, and  only  a few  surface  inches  thaw  during  the  brief  summers. 

This  ecosystem  is  extremely  fragile  and  subject  to  severe  reactions  to 
normally  minor  disturbances. 

Virtually  all  of  the  tundra  biome  in  Alaska  is  in  Federal  ownership. 
However,  state  land  selection,  especially  in  oil  reserve  areas  are  an 
exception,  and  native  claims  will  undoubtedly  take  more  land  from 
Federal  ownership,  especially  near  coastal  native  communities.  Oil 
and  gas  reserves  are  large  in  this  region  and  exploration  has  been  in- 
tensive during  recent  years. 

Detailed  Descriptions  of  Environmental  Factors  by  Biomes 
Introduction 


The  presentation  generally  is  organized  as  follows: 

Ecological  Interrelationships  (Nutrient  Cycle,  Energy  Flow, 

Hydrologic  Cycle) 

Non-Living  Components  (Geology,  Land  Forms,  Topography,  Soils, 

Water,  Air  and  Climate) 

Living  Components  (Vegetation,  Animal,  Human) 

Land  Uses 
Aesthetics 

Other  Considerations 

Discussion  of  basic  ecological  interrelationships  for  each  biome  broadly 
sets  the  stage  for  consideration  of  the  basic  interacting  environmental 
components  both  nonliving  and  living.  Because  it  is  impact  on  the  quality 
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of  the  human  environment  that  is  to  be  evaluated,  man's  land  uses, 
aesthetic  values  and  other  human  scientific,  educational  and  cultural 
values  found  within  the  environment  are  inventoried. 

Ecological  Interrelationships  - A General  Definition  of  Terms: 

Ecological  interrelationships  deal  with  interworkings  between  and  among 
all  living  and  nonliving  components  of  an  ecosystem.  The  term  ecosystem 
is  used  when  referring  to  habitat  and  communi'ty  as  an  interacting  unit. 

The  functions  of  an  ecosystem  are  dependent  upon  the  primary  producers 
that  convert  solar  energy  to  chemical  energy.  Plants  generally  are  the 
primary  producers  which  convert  solar  energy,  moisture,  and  the  basic 
elements  into  organic  energy.  The  consumers--cattle,  deer,  etc.,--  use 
the  plants  and  they,  in  turn,  are  utilized  by  man  and  predators  (wolves, 
skunks,  etc.).  The  decomposers  are  primarily  bacteria  and  other  or- 
ganisms that  break  down  detritus  material  which  are  recycled  through  the 
system. 

It  is  necessary  to  evaluate  ecosystem  modification  on  the  basis  of  both 
structure  and  function  of  the  system  on  a sustained  basis,  and  impacts 
of  geothermal  leasing  activities  which  may  alter  the  functions  of  the 
ecosystem. 

This  presentation  identifies  unique  differences  between  the  biomes  rela- 
tive to  animals,  plants,  soils  and  the  water  resource  recognizing  that 
much  is  yet  to  be  derived  as  to  the  true  impacts  of  disturbance  or 
pollutant  activities  on  aquatic  and  terrestrial  communities.  Subsequent 
analysis  should  recognize  the  need  for  continually  improving  knowledge  on 
these  matters. 

The  ecosystem  approach  attempts  to  consider  the  plant  and  animal  com- 
munities and  populations  as  a whole  in  relation  to  one  another  and  to 
their  total  environment.  The  major  component  subsystems  are  the  nutrient 
cycle,  energy  flow  and  the  water  (or  hydrologic)  cycle.) 

Nutrient  Cycles.  Certain  chemicals  such  as  nitrogen,  oxygen,  phosphorous 
and  potassium  are  essential  elements  to  sustain  life  on  the  planet  earth. 
These  nutrients,  as  well  as  others,  continuously  circulate  through  the 
environment  following  fixed  patterns  or  cycles  and  in  the  process  are  made 
available  in  various  forms  to  man  and  animals  (consumers) . For  example, 
nitrogen  is  recycled  from  plants  (producers)  to  the  atmosphere  and  back 
in  a complicated  process  whereby  organic  material  is  converted  into  in- 
organic ammonia,  nitrites,  and  nitrate  by  successive  armies  of  micro- 
organisms (decomposers).  The  nitrate,  if  not  looped  back  through  plants 
or  stored  in  the  soil,  is  then  denitrified,  and  the  nitrogen  is  returned 
to  the  atmosphere  as  gas  where  it  again  is  available  to  nitrogen  fixing 
plants,  thus,  completing  the  cycle. 
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Under  natural  conditions  nutrient  cycles  are  more  or  less  in  balance. 

By  contrast,  man's  use  of  the  land  for  agriculture  removes  nutrients  in 
the  form  of  crops,  thereby  disturbing  the  natural  balance  which  he  then 
restores  by  the  use  of  fertilizer.  Disturbance  or  manipulation  of  a 
cycle  involving  a vital  element,  could  disturb  it  beyond  its  compensatory 
powers  resulting  in  its  partial  or  even  complete  collapse. 

Energy  Flow.  Energy  flows  through  the  ecosystem;  it  does  not  cycle.  The 
components  of  the  energy  flow  consist  generally  of  abiotic  inputs,  pro- 
ducers, consumers,  and  decomposers  as  shown  in  figure  11-18.  For  example, 
grasses  (producers)  capture  energy  from  the  sun  by  photosynthesis  and 
utilize  soil  nutrients,  water,  etc.  to  produce  vegetation.  Herbivorous 
and  carnivorous  animals  (consumers)  feed  on  plants  and  other  animals  to 
acquire  energy.  Bacteria,  fungi,  and  some  kinds  of  animals  (decomposers) 
derive  energy  in  the  process  of  decomposition  of  dead  organisms.  Energy 
is  continuously  being  utilized  (used  by  each  group  of  organisms  or  lost) 
and  new  energy  is  being  acquired  from  solar  radiation. 

Hydrologic  Cycle.  The  hydrologic  cycle  is  depicted  in  Figure  11-19 
The  sun  supplies  the  heat  energy  and  this,  together  with  the  force  of 
gravity,  keeps  the  water  moving  from  the  earth  to  the  atmosphere  as  eva- 
poration and  transpiration,  and  from  the  atmosphere  to  the  earth  as  con- 
densation and  precipitation.  Stream-flow  and  ground  water  movement  com- 
plete the  cycle.  While  there  is  no  identifiable  point  of  beginning  or 
end,  the  oceans  generally  are  considered  to  be  the  major  source,  the  at- 
mosphere as  the  transportation  vehicle,  and  the  land  as  the  user.  Within 
the  total  system  there  is  no  water  lost  or  gained,  but  the  amount  avail- 
able for  use  may  fluctuate  widely  seasonally  and  geographically  with 
supplies  ranging  from  too  much  to  too  little.  Water  quality  impacts  re- 
sulting from  man's  use  of  lands,  natural  resources,  and  water  supplies 
complicate  problems  of  maintaining  balance  with  man's  needs  within  the 
capabilities  and  limitations  of  this  natural  system. 

Of  the  many  factors  which  contribute  to  the  physical  environment  of  an 
ecosystem,  the  movement  of  water  into,  through,  and  eventually  out  of  the 
system  is  a major  stimulus  in  the  functioning  of  the  system.  This  cycling 
of  water  in  the  ecosystem  essentially  consists  of  precipitation  inputs, 
runoff  outputs,  and  a series  of  intermediate  processes  influencing  the 
magnitude  of  the  precipitation/runoff  relationship.  These  include  inter- 
ception, infiltration,  percolation,  evapotranspiration,  surface  runoff  and 
storage  at  various  levels  of  the  system.  The  hydrologic  cycle  may  be  com- 
bined into  a conceptual  model  of  watershed  behavior  as  shown  in  Figure 
II- 20. 
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Figure  11-18.  A schematic  Illustration  of  Pathways  of  Flow  of 

Energy  and  Matter  Through  a Terrestrial  Ecosystem 


Source:  Van  Dyne,  G.M.  1969.  "Some  Mathematical  Models  of  Grassland  Ecosystems," 

P.  6,  in  R.L.Dix  and  R. G.Beidleman  (ed.),  "The  Grassland  Ecosystem:  A 

Preliminary  synthesis."  Range  Science  Department,  Science  Series  No.  2, 
Colorado  State  University,  Fort  Collins,  Colorado. 
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Figure  11-19.  Hydrologic  Cycle 
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Figure  11-20.  Flow  Diagram  of  the  Grassland  Hydrologic  Cycle 


Source:  Striffler,  W.D.  1969.  "The  Grassland  Hydrologic  Cycle,"  p.  103,  in 

R.L.Dix  and  R.G.Beidleman  (ed.),  "The  Grassland  Ecosystem:  A Prelim- 
inary Synthesis."  Range  Science  Department,  Science  Series  No.  2. 
Colorado  State  University,  Fort  Collins,  Colorado. 
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Detailed  Discussion  of  Biomes 


1 . Grassland  Biome 

This  biome  is  the  most  extensive  and  varied  of  all  the  biomes  fringing 
on  the  deciduous  forest  on  the  east  to  the  desert  and  coniferous  forest 
in  the  west.  In  the  western  states,  this  biome  consists  of  three  dis- 
tinctive subregions  (figure  11-21). 

Southern  temperate  grassland.  Includes  southwest  Texas  and  southern 
New  Mexico. 

Palouse  prairie  grassland.  Includes  small  portions  of  eastern  Washington, 
northern  Idaho,  and  north-central  Oregon. 

California  prairie  grassland.  Includes  the  Central  Valley  of  California 
Ecological  Interrelationships 

The  grassland  ecosystem  is  probably  the  most  studied,  and  extensive 
literature  is  available  on  many  of  the  ecological  components.  The 
aquatic  ecosystem  and  its  relationship  to  the  terrestrial  community  is, 
however,  not  well  known. 

Of  the  many  factors  that  contribute  to  the  physical  environment  of  the 
grassland  ecosystem,  the  movement  of  water  into,  through,  and  eventually 
out  of  the  system  is  a major  stimulus  in  the  functioning  of  the  system. 
This  cycling  of  water  in  the  ecosystem  essentially  consists  of  precipita- 
tion inputs,  runoff  outputs,  and  a series  of  intermediate  processes  in- 
fluencing the  magnitude  of  the  precipitation/runoff  relationship. 

The  grasslands  generally  occur  in  regions  of  limited  moisture  and  growing- 
season  precipitation  (May-October)  occurs  largely  as  conventional  thunder- 
storms or  frontal  storms.  The  output  component  of  the  hydrological  sys- 
tem is  low  compared  to  other  biomes.  Different  communities  within  the 
grassland  such  as  short-grass  and  mixed  grass  occur  generally  as  a result 
of  varying  rainfall,  insufficient  soil  storage  capacity  or  both.  Winds 
also  have  an  important  effect  and  evapotranspiration  is  high.  Thus, 
water  is  a critical  factor  in  the  ecosystem. 

The  grassland  is  a vast  solar  powered  ecosystem  capable  of  producing  great 
quantities  of  energy.  Annual  production  generally  is  high  and  the  turn- 
over of  the  biomass  occurs  rapidly  on  an  annual  basis.  Only  small  amounts 
of  nutrients  are  tied  up  in  the  biomass.  Soil  organisms  are  numerous  and 
decomposers  play  the  critical  role  of  transferring  organically  bound 
nutrients  into  available  inorganic  state.  As  much  as  half  of  the  eco- 
system producer  biomass  is  directly  decomposed  by  fungi  and  bacteria 
rather  than  by  herbivores. 

In  the  grassland  biome,  nitrogen  and  phosphorous  $re  the  two  important 
nutrients  provided  by  vegetation  to  support  other  life  forms.  Unconsumed 
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Figure  11-21.  Grassland  Biome 
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nutrients  are  recycled  through  the  soil  in  a short  time  period  because  of 
annual  mortality  or  dieback  of  grass  species.  This  contrasts  with  slower 
cyclic  biomes  such  as  the  forest  biome  where  a large  share  of  the  nutri- 
ents are  stored  in  trees  having  a natural  life  span  of  hundreds  of  years. 
The  nitrogen  fixation  rate  on  predominantly  grass -covered  sites  is  very 
slow  and  could  be  a critical  factor. 

Except  in  extreme  locations  of  steep  topography,  low  precipitation,  and 
unstable  soil,  the  grassland  ecosystem  generally  is  stable.  Surface 
disturbances  can  be  rehabilitated  and  natural  successional  development 
occurs  rapidly.  Even  though  it  may  take  many  years  to  restore  the  origi- 
nal vegetation  and  animal  species  of  the  ecosystem,  lesser  species  invade 
rapidly  to  begin  the  healing  of  scars. 

The  grasslands  are  a complex  interrelated  array  of  animal,  plant,  and 
soil  characteristics.  They  are  most  vulnerable  to  damage  early  in  the 
growing  season  and  in  periods  of  drought. 

Geology  and  Topography 

The  grasslands  being  considered  here  are  underlain  by  rocks  ranging  in 
age  from  Paleozoic  to  Recent.  Both  intrusive  and  extrusive  igneous  rocks 
as  well  as  a variety  of  sedimentary  rocks  comprise  the  bedrock  beneath 
these  areas.  In  places  these  rocks  have  been  highly  metamorphosed. 
Structural  features  are  varied,  from  those  rocks  relatively  undisturbed 
since  their  formation  to  those  which  have  been  folded  and  faulted.  Large 
portions  of  the  areas  under  discussion  have  been  raised  or  lowered  by 
regional  tectonics.  The  varied  geologic  events  partially  controlled  the 
topography  which  ranges  from  the  low  coastal  plains  to  high  plateaus  and 
mountains . 

The  California  Prairie  (also  called  the  San  Joaquin  Valley)  is  approxi- 
mately 400  miles  long  and  50  miles  wide.  The  long  axis  of  the  valley  is 
a geologic  syncline  or  low  that  parallels  the  coast.  The  main  drainages 
in  the  valley  are  located  along  this  same  structural  axis.  It  is  essen- 
tially flat  with  little  relief  between  the  river  bottoms  and  the  uplands. 
The  low  relief  hills  between  the  rivers  are  well  rounded  with  few  sharp 
features  or  escarpments.  The  valley  is  flanked  by  major  normal  and  thrust 
faults,  and  there  are  inferred  faults  in  the  valley  itself.  The  focus  of 
the  Arvin-Tehachapi  earthquake  of  1952,  magnitude  7.5,  was  beneath  the 
San  Joaquin  Valley. 

The  Palouse  Prairie  lies  east  of  the  Cascades  and  includes  all  or  portions 
of  the  Walla  Walla  Plateau,  Blue-Wallowa  Mountains,  and  other  portions  of 
the  High  Lava  Plains  which  are  a part  of  the  Columbia  Plateau.  The  main 
structural  features  in  the  southern  portion  are  broad  anticlines  which  are 
predominantly  oriented  east-west  and  some  are  accompanied  by  similar  trend 
ing  faults.  There  have  been  no  major  earthquake  epicenters  located  within 
the  region  since  1905.  Surface  rock  outcrops  are  predominantly  volcanics 
of  Tertiary  age;  however,  some  Mesozoic  age  sedimentary  and  igneous  rocks 
occur  in  the  southern  and  northern  portions  of  the  area. 
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The  topography  of  the  Palouse  Prairie  varies  from  plateaus  underlain  by 
flat  lying  lavas  to  the  mountains  which  are  in  part  controlled  by  folds 
and  faults.  Valleys  or  canyons  have  been  incised  into  the  bedrocks  by 
tributaries  of  the  Columbia  River. 

Minerals 


The  greatest  mineral  value  in  the  grasslands  under  consideration  prob- 
ably lies  in  oil  and  gas.  Lesser  amounts  of  coal  and  those  substances 
associated  with  evaporites  such  as  sodium  and  potassium  offer  additional 
potential.  Replacement  minerals  such  as  uranium,  iron,  vanadium,  lead, 
and  zinc  may  also  be  found. 

Soils 


The  valley  soils  of  the  California  Prairie  vary  in  age  from  Upper  Tertiary 
to  Quaternary  and  include  sediments  eroded  from  the  mountains  to  the  east 
and  west  during  Pleistocene  and  Recent  times.  The  soils  are  classified 
as  warm-dry  soils.  They  are  further  identified  as  Alfisols  or  grey  to 
brown  upper  horizons  above  the  stream  valleys  and  Entisols  or  soils  with- 
out natural  horizons  along  the  rivers  and  streams. 

Palouse  Prairie  Province  soils  are  classified  as  warm-dry  and  are  predom- 
inantly Mollisols  or  organic  soils.  At  the  junction  of  the  Columbia  and 
Snake  Rivers,  soils  are  identified  as  Entisols  or  soils  that  are  still 
forming  while  further  up  the  Columbia  a small  area  of  Aridisols  or  well- 
formed  soils  with  natural  horizons  have  been  identified.  The  erosional 
and  depositional  features  of  the  soils  in  the  grasslands  vary  considerably. 
However,  generally  they  are  related  to  the  soil  base  and  the  slope  of  the 
soil  surface. 

Water 


The  major  water  supplies  of  the  grassland  biome  are  provided  by  the 
through- flowing  rivers  and  streams  of  major  drainage  basins  which  receive 
most  of  their  water  from  the  higher  elevations  above  the  grassland  areas. 
The  relatively  lower  grasslands  receive  about  8 to  24  inches  of  precipi- 
tation annually  with  the  coastal  prairie  areas  receiving  up  to  40  to  60 
inches  per  year.  Many  of  the  smaller  streams  within  the  more  arid  grass- 
lands are  ephemeral  rather  than  perennial.  The  quality  of  both  surface 
and  ground  waters  varies  from  area  to  area  within  the  biome. 

Surface  Water.  Surface  water  resources  within  the  grasslands  include 
streams,  rivers,  reservoirs,  lakes,  marshes,  potholes,  and  springs.  These 
sources  are  utilized  for  such  uses  as  domestic,  municipal,  industrial, 
power,  agricultural,  recreation,  and  fish  and  wildlife  purposes. 

Except  for  the  higher  precipitation  zones,  annual  runoff  from  the  grass- 
land generally  is  low.  The  quality  of  water  in  most  rivers,  streams, 
lakes,  and  springs  generally  is  adequate.  Average  dissolved  solids 
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(ions  of  sodium,  calcium,  etc.)  vary  from  less  than  100  ppm  to  more  than 
2,000  ppm  while  average  sediment  concentrations  in  streamflow  may  vary 
less  than  280  ppm  to  more  than  30,000  ppm. 

Ground  Water.  Ground  water  supplies  vary  within  the  grassland  areas 
with  some  areas  having  large  quantities  of  ground  water. 

The  quality  of  ground  water  varies  from  area  to  area  with  a dissolved 
solid  content  ranging  from  less  than  1,000  ppm  to  more  than  10,000  ppm. 

Climate  and  Air 


The  climatic  conditions  within  the  grassland  biome  differ  significantly 
depending  on  the  location  of  each  specific  grassland  area  within  the 
United  States.  For  this  report,  climate  is  defined  as  the  combination 
of  precipitation,  temperature,  and  wind.  The  distribution  of  these 
quantities  is  shown  by  a series  of  maps  developed  from  the  long-term 
climatic  records. 

Because  the  grassland  biome  is  not  uniform  in  the  distribution  of  climato- 
logical parameters,  each  western  grassland  area  is  discussed  separately. 

The  Palouse  Prairie  is  generally  influenced  by  the  continental  air  mass 
with  some  modification  from  the  Pacific  Ocean.  Consequently,  this  area 
has  milder  climate  than  northern  plain  states  directly  to  the  east  at 
the  same  latitude. 

The  average  annual  precipitation  varies  from  10  to  15  inches.  Most  pre- 
cipitation falls  in  the  winter  months.  Thunderstorms  occur  about  10  days 
out  of  the  year.  Temperatures  reach  extremes  of  30o  below  zero  to  110° 
above.  However,  the  mean  daily  temperature  varies  from  25°  to  30°  in 
January  to  70°  in  July. 

Winds  are  generally  from  the  south  in  both  the  winter  and  summer  and, 
while  averaging  8 mph,  may  gust  strongly  at  times.  Dust  storms  may  occur 
in  the  summer  months  when  the  light  surface  soil  is  dry.  There  are  about 
10  to  20  days  of  dense  fog  with  the  maximum  frequency  of  occurrence  dur- 
ing October. 

The  California  Prairie  is  greatly  influenced  from  the  Pacific  Ocean  to 
the  west.  The  average  annual  precipitation  varies  from  6 inches  in  the 
south  to  23  inches  in  the  central  part  of  the  grassland.  Most  precipi- 
tation occurs  during  the  winter  months  with  virtually  none  falling  during 
the  summer.  Thunderstorms  occur  during  the  winter  months  with  the 
passage  of  cold  fronts. 

Temperatures  range  from  a minimum  of  15°  to  a maximum  of  115°  with  mean 
daily  temperatures  varying  from  40°  in  January  to  80°  in  July.  Winters 
are  mild  throughout  the  area  while  summers  are  hot. 


11-53 


Winds  are  generally  from  the  south  during  the  winter  months,  except  when 
storms  move  through  the  area  when  they  tend  to  blow  from  the  northwest. 
During  the  summer  months  the  wind  is  generally  out  of  the  west.  Winds 
are  often  much  stronger  (30  mph  or  more)  than  the  3 mph  average  indicates. 
There  are  from  15  to  25  days  of  dense  fog  each  year  during  the  winter 
months  as  temperature  inversions  keep  the  moist  Pacific  air  trapped 
within  the  valley  basin. 

The  Southern  Temperate  Grasslands  climate  is  influenced  by  the  contin- 
ental air  mass  to  the  north  and  the  humid  Gulf  to  the  southeast. 

The  average  annual  precipitation  varies  from  10  inches  in  the  northwest 
to  40  inches  in  the  southeast.  Temperatures  may  range  from  10°  below 
zero  to  110°  above;  mean  daily  temperatures  vary  from  35°  in  January  to 
75°  in  July  in  the  northwest  and  from  60°  in  January  to  80°  in  July  in 
the  southeast.  Winds  generally  are  variable  and  light  in  the  winter 
months;  during  the  summer  they  tend  to  blow  from  the  southeast,  bringing 
moist  warm  air  from  the  Gulf.  Dense  fog  occurs  about  5 to  10  days  each 
year.  Humidity  is  lower  in  the  west  and  higher  in  the  southeast. 

Vegetation 

The  predominant  vegetation  of  the  grassland  biome  consists  of  a large 
selection  of  grass  species  occurring  in  both  a natural  state  and  in  areas 
under  cultivation.  Species  of  woody  plants  do  exist.  Historically  as 
well  as  presently  many  of  the  native  and  introduced  grass  species  provide 
crops  for  man's  consumptive  use  as  well  as  forage  for  domestic  and  wild 
animals.  Together  they  represent  the  relatively  intensive  use  often  being 
made  of  the  vegetation  growing  on  grassland  areas.  The  grazing  of  cattle 
and  sheep  often  has  been  one  of  the  major  contributors  to  plant  succession, 
particularly  in  increasing  the  distribution  of  woody  plants  and  forb*s  and 
in  some  instances  the  creation  of  desert-like  conditions.  In  addition  to 
serving  as  an  important  food  source,  the  grass  species  act  as  a soil 
stabilant  in  minimizing  water  and  wind  erosion,  thus  representing  a multi- 
value resource. 

In  general  the  grasslands  are  located  where  there  is  not  sufficient  rain- 
fall to  support  forest-like  vegetation  but  enough  moisture  to  preclude  the 
formation  of  a desert-type  biome.  Within  its  borders  are  marshes,  lakes, 
ponds,  and  other  water  courses  which  support  various  forms  of  aquatic 
vegetation. 


The  terrestrial  vegetation  of  the  grasslands  varies  somewhat  with  its 
geographic  location  and  can  best  be  described  on  a specific  grassland 
area  basis. 
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The  Southern  Temperature  Grassland  represents  the  driest  of  the  areas  in 
the  grassland  biome.  Consequently,  parts  of  it  are  dotted  with  desert 
shrubs  due  to  the  dry  subtropical  climate  and,  in  some  cases,  overgrazing. 

The  Palouse  Prairie  consists  of  mid-grass  species;  however,  extensive 
areas  have  been  replaced  by  sagebrush  as  a result  of  fire  and  overgrazing. 
Within  its  borders  is  the  wheat-producing  region  known  as  the  Palouse. 

The  California  Prairie  consists  of  mid-grasses  of  the  bunch  life  type, 
similar  in  form  to  those  of  the  Palouse.  These  native  grasses  have  been 
largely  destroyed  by  overgrazing  and  fire  and  replaced  by  annual  grasses 
introduced  from  Europe.  Extending  north  and  south  along  the  major  drain- 
ages are  the  tule  marshes,  parts  of  which  have  been  converted  to  rice 
production. 

Animals 


The  generally  high  annual  turnover  of  new-primary-production  in  most 
grassland  communities  provides  a food  base  for  support  of  both  large 
numbers  and  varieties  of  animals.  As  one  might  expect,  many  species  are 
"grazers,"  many  are  burrowers,"  and  a large  number  of  birds  are  ground 
nesters.  Large. herbivores  are  a characteristic,  if  not  common,  feature. 
Insect  life  is  abundant  and  varied  and  is  heavily  utilized  as  food  by 
many  secondary  consumers.  Soils  tend  to  be  well  developed,  and  corre- 
spondingly so,  the  soil,  fauna,  and  flora,  including  both  macro-  and 
micro-organisms,  represent  every  major  animal  phylum  as  well  as  many 
taxonomic  groups  in  the  plant  kingdom.  Many  of  the  animals  (e.g.,  ante- 
lope, rodents,  various  birds  and  insects,  etc.)  are  gregarious  in  behavior 
and  frequently  occur  in  large  concentrations. 

Grassland  communities  are  subject  to  drought  periodically  and  therefore 
the  populations  of  some  wild  animal  species  can  fluctuate  widely  in  num- 
bers from  year  to  year.  Additionally,  a most  important  exotic  component 
of  grassland  "fauna"  are  the  large  domestic  herbivores  (e.g.,  horses, 
cows,  sheep,  goats)  which  have  largely  replaced  the  native  wild  forms. 
Livestock  grazing  greatly  influences  grassland  ecosystems. 

The  following  discussion  of  grassland  animal  life  considers  wild  and 
domestic  groups  separately.  Wildlife  is  grouped  as  terrestrial  or  aquatic. 
Soil  organisms  are  briefly  treated  here. 

Characteristic  animals  of  the  Southern  Temperate  grassland  include  ante- 
lope, jack  rabbit,  cottontail  rabbit,  prairie  dog,  ground  squirrel, 
coyote,  badger,  ferret,  pocket  gopher,  various  waterfowl,  collared  peccary, 
scaled  quail,  white-winged_dove,  mockingbird,  prairie  chicken,  sagje  grouse, 
Swainsons  hawk,  rough-legged  and  ferruginous  hawks,  burrowing  owl,  many 
ground  nesting  birds  such  as  the  meadowlark  and  horned  lark,  bullsnake, 
rattlesnake,  kingsnake,  numerous  kinds  of  lizards,  grasshoppers,  crickets, 
and  an  abundance  of  other  insects. 
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On  the  Palouse  Prairie,  the  sharp-tailed  grouse  was  formerly  abundant. 

The  short-eared  owl,  burrowing  owl,  and  marsh  hawk  nest  in  the  grassland. 
Cottontail  and  pygmy  rabbit,  pocket  gopher,  and  goldenmantled  ground 
squirrel  and  various  grasshoppers  are  characteristically  present. 

On  the  California  Prairie,  the  California  ground  squirrel  is  one  of  the 
most  characteristic  species.  This  is  an  important  wintering  area  for 
waterfowl.  Many  of  the  same  animals,  perhaps  of  different  subspecies, 
occur  here  as  in  other  grassland  areas. 

Some  grassland  species  will  require  special  consideration  within  their 
ranges.  For  example,  a local  population  may  require  a specific  site  at 
a particular  season  to  continue  its  life  cycle,  such  as  strutting  grounds 
for  sharptail,  sage  grouse  or  pririe  chickens;  potholes  , reservoirs 
or  marshes  by  waterfowl  and  shore  birds  for  nesting  and  rearing  young. 
Other  species  extend  their  distribution  into  subtypes  and  local  popula- 
tions become  totally  dependent  upon  such  restricted  habitat.  Somewhat 
comparable  are  remnant  populations  of  a species  which,  while  not  en- 
dangered throughout  its  range,  is  locally  threatened  with  extirpation; 
for  example,  the  sharptail  grouse  in  the  Palouse  grassland. 

Aquatic.  This  includes  various  vertebrates  such  as  fish,  frogs,  snakes 
and  invertebrates  such  as  Crustacea,  mollusks,  and  insects  that  are 
dependent  on  a water  environment.  The  aquatic  fauna  of  this  biome  in 
general  is  less  diversified  than  some  of  the  other  biomes.  Fish  popula- 
tion, natural  and  introduced,  varies  in  respect  to  type  of  water,  surface 
of  body  and  water  quality.  Fish  populations  can  generally  be  broken  down 
into  sport,  commercial,  forage,  and  undesirable  species. 

Threatened  or  Endangered  Wildlife.  Several  threatened  and  endangered 
species  of  wildlife  are  characteristic  of  the  grasslands.  Examples 
include  the  prairie  falcon,  American  peregrine  falcon,  tule  elk,  San 
Joaquin  kit  fox,  and  blunt-nosed  leopard  lizard 

Domestic  Livestock.  Historically,  grasslands  have  been  grazing  lands  and 
were  the  native  habitat  of  the  large  herbivores  prior  to  settlement  by 
white  man.  During  the  period  of  early  settlement  these  lands  were  used 
almost  exclusively  for  grazing.  Today,  beef,  lamb  and  wool  are  the  prin- 
cipal products  of  those  portions  that  have  not  been  converted  to  other 
agricultural  production.  Some  horses  and  goats  also  are  grazed,  but  this 
is  a minor  use. 

In  general,  beef  cattle  production  is  the  most  important  domestic  live- 
stock use  of  the  grassland  biome  for  the  reason  that  cattle  are  better 
adapted  than  sheep  to  the  type  of  forage  prpduced. 


11-56 


Soil  Organisms.  Small  forms  of  animal  life  which  spend  their  entire 
lives  in  the  soil  (as  earthworms)  or  depend  upon  it  for  a part  of  the 
life  cycle  (as  many  insects)  play  a vital  role  in  soil  building.  They 
also  are  extremely  important  items  in  the  food-chain  of  larger  animals. 
Micro-organisms  are  essential  for  soil  building  processes  of  organic 
decay.  Members  of  the  soil  fauna  comprise  major  components  in  the 
detritus  food  web  and,  hence,  they  play  very  significant  roles,  either 
directly  or  indirectly,  in  the  pattern  and  dynamics  of  energy  flow  and 
biogeochemical  cycling  of  grasslands. 

Human  Settlement  and  Use  Characteristics 


Population  characteristics  of  the  grassland  biome  exhibit  extreme  vari- 
ability. Rural  and  undeveloped  lands  of  a natural  character  make  up  the 
majority  of  the  biome;  however,  the  area  also  includes  several  communi- 
ties with  significant  differences  in  population  densities,  economies, 
and  social  environments. 

Low  population  densities  and  other  characteristics  of  these  rural- 
natural  lands  reflect  economies  and  employment  that  are  geared  to 
resource  production  and  primary  processing.  Agriculture  and  agricultural 
processing  are  principal  economic  activities.  Mineral  extraction  and 
processing  tends  to  be  localized. 

The  recreation- tour ism  industry  has  grown  rapidly  the  past  20  years,  pro- 
viding employment  in  the  services  sector  of  the  economy.  Small  towns 
and  villages  are  scattered  through  the  natural-rural  area  of  the  biome. 
The  larger  of  these  settlements  (5,000  to  10,000  population)  are  market 
centers  and  generally  are  loeated  along  transportation  arterials.  Exten- 
sive uses  of  the  land  for  ranching,  farming,  and  mining  have  a relatively 
low  employment  demand  reflected  in  low  population  densities.  The  eco- 
nomic and  social  environment  tends  to  resemble  a "frontier"  economy. 
Economic  and  cultural  disadvantages  may  be  offset  by  a relatively  high 
quality  natural  environment,  a slow  pace  of  life,  and  ready  access  to 
large  areas  of  open  space. 

Urbanized  areas  in  the  western  portion  are  in  close  proximity  to  exten- 
sive public  lands.  Significant  western  metropolitan  areas  include: 

Great  Falls  and  Billings,  Montana;  Boulder,  Denver,  Colorado  Springs, 
and  Pueblo,  Colorado;  Spokane,  Washington;  and  the  extensive  Central 
Valley  metropolitan  complex  within  the  California  portion  of  the  biome. 

If  present  trends  continue,  the  prediction  of  an  urban  megalopolis 
stretching  from  Cheyenne,  Wyoming,  to  Pueblo,  Colorado,  may  become  fact 
by  the  end  of  the  century. 

Land  Uses 


The  Homestead  Act  of  1862,  railroad  construction,  irrigation,  and  other 
factors  successfully  encouraged  cultivation  of  vast  areas  of  grassland 
biome.  Areas  remaining  in  a "natural"  condition  were  typically  unsuited 
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for  agriculture  and  may  be  in  either  private  or  public  ownership. 

Extensive  livestock  grazing  occurs  on  these  "natural"  lands  throughout 
the  biome.  Extensive  recreational  uses  such  as  hunting,  fishing,  hik- 
ing, and  off-road  vehicle  use  occur  also  on  this  category  of  land, 
particularly  on  those  tracts  that  remain  in  public  ownership. 

The  California  Central  Valley  portion  of  the  biome  contains  extremely 
productive  irrigated  agricultural  land.  Production  of  nuts,  fruits, 
vegetables,  rice  and  specialty  crops  are  important.  Extensive  livestock 
grazing  occurs  on  undeveloped  areas,  as  does  recreational  uses.  Recrea- 
tion is  particularly  significant  because  of  the  close  proximity  of  large 
metropolitan  areas. 

Wheat  grown  by  dry  farming  methods  is  the  major  agricultural  use  in 
the  Palouse  Prairie  segment  of  the  biome.  Significant  western  portions 
have. been  irrigated;  drier,  unirrigable  portions  remain  undeveloped  and 
are  used  for  grazing. 

The  metropolitan  areas  within  the  biome  are  growing  rapidly,  imposing  a 
demand  for  residential,  commercial  and  industrial  expansion  areas.  Smaller 
towns  and  villages  may  also  require  areas  for  growth,  depending  on  local 
economic  conditions.  In  nearly  all  cases,  population  concentrations  place 
a demand  on  adjacent  rural  or  natural  lands  for  open  space  to  provide 
recreational  uses  such  as  hunting,  fishing  and  pleasure  driving  by  on 
and  offroad  vechicles. 

Mineral  extraction  is  concentrated  primarily  in  oil  and  gas  production  in 
the  southern  portion  of  the  California  Central  Valley. 

Aesthetic  Values 


The  form  of  the  grassland  may  be  described  as  primarily  gently  rolling 
hills  and  broad  expanses  of  relatively  flat  lands.  In  some  areas  near 
major  streams,  particularly  in  drier  portions  of  the  biome,  continuity 
of  the  land  form  may  be  interrupted  by  sharp  breaks  down  to  floodplains 
of  the  stream.  Because  of  the  relatively  gentle  slopes  in  the  grasslands, 
most  of  man's  activities  seldom  interrupt  continuity  of  the  form.  Where 
the  form  is  disturbed  it  is  usually  easily  restored  to  a natural  or  near 
natural  condition.  Where  the  landscape  is  still  in  a natural  state,  the 
texture  is  the  soft  texture  of  the  grass  covered  slopes  interrupted  by 
occasional  rock  outcrops.  In  drier  portions,  ground  cover  may  be  scat- 
tered patches  with  a good  deal  of  exposed  soil.  Much  of  the  Palouse 
Prairie  and  the  California  Prairie  has  been  converted  to  agriculture. 

Here  the  texture  changes  from  field  to  field  as  the  crops  change. 

Lines  in  natural  portions  of  the  biome  play  a minor  role  in  the  landscape 
and  are  evident  only  in  ridgelines  and  in  the  occasional  road  or  power- 
line crossing  through  the  area.  In  the  agricultural  areas,  lines  become 
much  more  obvious.  Crop  rows,  field  edges,  fence  lines,  and  roads  become 
a dominant  element  in  the  landscape. 
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Color  is  a key  factor  in  the  aesthetics  of  grassland  biome.  The  seasonal 
changing  pattern  in  the  cultivated  areas  of  freshly-turned  black  soils  to 
lush  greens  of  early  summer  to  the  golds  of  fall  are  striking.  In  the 
natural  and  drier  areas  the  colors  are  generally  more  muted  but  can  be 
beautiful  in  their  sublety. 

Scale  is  difficult  to  define  on  the  flat  plane  of  the  grasslands.  Any 
vertical  element  which  is  introduced  into  the  landscape  has  a tendency 
to  define  the  scale  but  also  draws  the  eye  and  becomes  a focal  point. 

The  total  effect  of  the  landscape  character  of  the  grassland  biome  will 
vary  with  the  individual  observer.  To  one,  openness  may  connotate  a 
freedom,  room  for  movement,  a challenge  to  action.  Another  may  feel 
overwhelmed,  lonesome  and  unprotected.  To  some  it  may  seem  to  be  mono- 
tonous. To  the  acute  observer  subtle  changes  in  tone  or  forms  may  be 
fascinating. 

Geological  Interest  Values 

Human  interest  in  geological  phenomenon  tends  to  center  around  those 
features  that  are  different  and  strange  or  beautiful  and  exciting. 

Things  like  volcanic  necks,  caves  with  stalagmite  formations,  sinks, 
natural  arches  and  bridges,  fossils,  erosional  features,  etc.  arouse  the 
interest  and  curiosity  of  the  viewer.  The  grasslands  biome  has  some  of 
these  features  but,  being  primarily  a flat  landscape,  they  are  rather 
limited.  The  Southern  Temperate  Grassland  contains,  among  other  things, 
limestone  caves  in  the  Pecos  River  region  and  sinkholes  near  Roswell, 

New  Mexico. 

Archeological  Values 

Archeological  sites  of  the  three  broad  developmental  stages  of  American 
Indian  prehistory  are  found  in  the  biome — the  Paleo- Indian,  the  Archaic, 
and  the  Agriculture.  Not  all  peoples  reached  the  stage  of  agriculture 
nor  did  they  all  go  through  all  stages  to  reach  any  other. 

Both  the  Eastern  Big-Game  Hunting  Tradition  and  the  Western  Old  Cordil- 
leran  Tradition  within  the  Paleo-Indian  stage  have  been  recognized  within 
the  biome.  The  Big-Game  Hunting  Tradition  is  recognized  in  kill  sites 
of  animals  such  as  the  bison,  mammoth,  camel,  and  horse.  Less  frequently 
campsites  have  been  found  with  chipping  and  other  camp  debris.  Some 
cave  sites  have  been  found.  The  Big-Game  Tradition  has  been  recognized 
in  the  Southern  Temperate  Grasslands. 

The  Old  Cordilleran  Tradition  represents  a relatively  unspecialized 
hunting-gathering-fishing  way  of  life.  Evidence  has  been  found  in  old 
lakeshore  campsites,  caves,  and  deeply  stratified  refuse  dumps  in  favor- 
ite fishing  spots.  The  tradition  has  been  found  in  both  the  Palouse  and 
California  prairies. 
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The  Archaic  stage  is  found  as  a Plains  Archaic  Tradition  in  the  Southern 
Temperate  Grasslands.  Hunting  continued  during  this  stage,  but  more 
emphasis  was  placed  on  gathering  plants  and  some  shellfish.  In  the 
Plains  Archaic,  this  is  indicated  in  the  sometimes  deep  trash  dumps,  dry 
cave  sites,  burned  rock  debris  mounds,  and  campsites.  Bison  and  other 
animal-kill  sites  continue  to  be  found,  including  some  buffalo  jumps 
with  rock  alignments. 

The  Desert  Archaic  tradition  is  found  in  the  Southern  Temperate  Grasslands. 
It  also  contributed  to  the  cultures  found  in  the  California  prairie.  The 
Desert  Archaic  subsistence  pattern  was  based  primarily  on  small  seed 
gathering  and  small  animal  hunting.  Archeological  evidence  is  derived 
primarily  from  campsites,  dry  caves,  petroglyphs,  and  pictographs. 

For  the  most  part,  the  third  general  stage  of  prehistoric  development 
had  cultures  found  by  the  first  non- Indians  to  visit  the  new  world. 

Evidence  of  the  Agricultural  Pueblo  Tradition  is  found  in  the  northern 
portions  of  the  Southern  Temperate  Grassland.  Archeological  evidence 
of  the  Pueblo  Tradition,  here  represented  by  the  Mogollon  Division, 
includes  sites  of  masonry  buildings,  pithouse  dwellings,  occasional 
irrigation  systems,  trans  mounds  associated  with  villages,  pictographs, 
petroglyphs,  caves,  fortified  sites,  and  roasting  pits.  Peoples  who 
continued  the  Archaic  stage  of  development  up  to  the  time  of  contact 
with  non-Indians  left  remnants  of  their  occupancy  in  the  rest  of  the 
Southern  Temperate  Grassland. 

In  the  Palouse  prairie,  agriculture  was  never  developed  by  the  native 
inhabitants  to  the  final  pre-contact  periods  are  represented  by  the 
Northwest  Riverine  Tradition.  These  peoples  lived  along  the  river 
valleys,  and  their  archeological  sites  are  primarily  the  remains  of 
pithouses  and  above  ground  houses  in  villages  along  the  rivers,  camp- 
sites, quarries,  petroglyphs,  and  burial  grounds. 

The  Agriculture  stage  did  not  develop  in  the  California  prairie;  the 
Archaic  stage  continued  up  to  the  time  of  contact  with  non- Indians, 
as  indicated  by  large  shell  mounds  occurring  near  water,  quarries,  and 
village  sites. 
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2.  Desert  Biome 


The  desert  biome  includes  areas  where  precipitation  and  climatic  condi- 
tions do  not  support  either  a grassland  or  a woodland-bushland  biome. 

It  is  divided  into  two  primary  subtypes:  cold  deserts  and  hot  deserts. 

The  former  have  warm  summers  and  cold  winters  while  the  latter  range 
from  moderately  warm  in  winter  to  extremely  hot  in  summer.  These  two 
types  of  desert  are  mapped  geographically  in  figure  11-22.  Basically, 
the  delineation  is  as  follows: 

Cold  Desert.  Extends  through  central  Washington,  through  western 
Colorado  and  south  to  northeastern  California,  Nevada,  Utah,  and  northern 
Arizona  and  New  Mexico  broken  by  grassland  and  woodland'  types  as  a result 
of  elevation  and  precipitation  variations.  It  is  sometimes  referred  to 
as  the  High  Desert,  Great  Basin  Desert,  or  Painted  Desert. 

Hot  Desert.  Extends  at  lower  elevations  through  southeastern  California 
and  the  southern  portions  of  Nevada,  Utah,  Arizona,  and  New  Mexico. 
Sometimes  it  is  referred  to  as  the  Mojave  Desert,  Lower  Colorado  River 
Desert,  or  Sonora  Desert. 

Direct  Federal  land  ownership  and  control  of  subsurface  minerals  is  high 
throughout  this  biome.  Present  oil  and  gas  exploration  activities  are 
generally  light  throughout  the  biome  with  the  exception  of  some  areas  in 
eastern  Utah.  Production  of  oil  and  gas  from  Federal  lands  is  moderately 
havy  along  the  eastern  edge  of  the  desert  (Wyoming,  Utah,  Colorado,  and 
New  Mexico) . 

Ecological  Interrelationships. 

Desert  ecosystems  are  exceptionally  vulnerable  to  misuse  and  in  many 
places  are  subject  to  rapid  change.  While  there  has  been  considerable 
descriptive  literature  and  scientific  studies  of  the  desert,  there  is 
little  known  about  the  interrelationships  or  workings  of  the  desert  eco- 
system. Additional  study  is  needed,  especially  in  view  of  the  readily 
apparent  delicate  ecological  balance  which  exists  in  desert  ecosystems. 

For  example,  introduction  of  grazing  animals  has  caused  plant  successions 
and  other  ecological  changes  along  the  borders  of  the  desert  which  have 
extensively  extended  the  desert  ecosystem  into  previous  grassland  com- 
munities . 

Hydrologic  Cycle.  In  desert  ecosystems,  precipitation  input  is  small 
with  considerable  variation  from  year  to  year.  Evapo transpiration  is 
great,  particularly  in  the  hot  desert  and  southern  portions  of  the  cold 
desert  areas.  The  net  result  is  less  available  soil  moisture  in  the 
southern  latitudes  of  the  desert  areas  which  reduces  the  potential  for 
production  of  the  living  components  of  the  desert  ecosystem. 

Energy  Flow.  Solar  radiation  is  high,  but  due  to  other  climatic  factors 
such  as  limited  precipitation  and  sparse  vegetative  cover  much  less  of 
this  energy  is  captured  by  photosynthesis  and  greater  amounts  are  stored 
in  succulent  vegetation.  Therefore,  the  production  capacity  of  the  desert 
is  greatly  reduced  and  the  food  chain  shortened. 
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Figure  11-22.  Desert  Biome 
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Nutrient  Cycle.  The  nutrient  cycle  occurs  slowly  in  the  desert  with  large 
quantities  of  nutrients  tied  up  in  the  shrubby  biomass  and  a slow  rate  of 
decomposition.  Man's  use  of  the  desert  has  altered  the  balance  of  the 
nutrient  cycle.  Additional  data  is  needed  to  fully  understand  this  com- 
ponent of  the  ecosystem  and  analyze  impacts. 

Natural  successional  recovery  of  the  desert  communities  following  dis- 
turbances caused  by  man's  activities  is  extremely  slow,  especially  in  the 
hot  desert. 

Geology,  Land  Forms,  Topography 

The  desert  biome  occupies  portions  of  two  large  physiographic  provinces — 
the  Basin  and  Range  Province  and  the  Intermontane  Plateaus.  The  Basin 
and  Range  Province  is  characterized  by  plains  broken  by  low  to  high 
mountains.  The  desert  biome  within  the  Intermontane  Plateau  includes 
the  sourthem  portion  of  the  Columbia  Plateau  in  southeast  Oregon  and 
southwest  Idaho;  it  also  includes  the  Colorado  Plateau  in  Eastern  Utah, 
western  Colorado,  northern  Arizona,  and  northwest  New  Mexico. 

The  Columbia  Plateau  is  broken  relief  with  plains,  medium  to  high  hills 
and  table  lands  with  considerable  relief,  while  the  Colorado  Plateau 
is  characterized  by  table  lands  with  moderate  to  very  high  relief. 

The  Basin  and  Range  Province  is  the  most  extensive  active  fault  area  on 
the  North  American  continent.  Southeast  Oregon  is  an  area  with  normal 
faults  trending  generally  north-south  as  do  thrust  faults  which  also  trend 
north-south. 

Nevada  has  an  extensive  fault  system  predominantly  oriented  north-south; 
however,  both  normal  and  reverse  cross  faults  trending  northeast-southwest 
are  present.  The  same  fault  pattern  of  Nevada  also  occurs  in  western 
Utah  where  it  forms  the  eastern  boundary  of  the  desert  biome.  In  south- 
east California  the  fault  pattern  changes  to  become  predominantly  north- 
west-southeast  oriented  strike-slip  faults,  cross  faulting  is  also  com- 
mon. The  normal  and  reverse  northwest-southeast  trending  faults  in 
southern  Arizona  are  probably  a continuation  of  the  extensive  system  of 
faulting  that  follows  the  Rio  Grande  along  the  Texas -Mexican  border  into 
southern  New  Mexico  where  the  Rio  Grande  lies  within  a grabben  or  fault 
depression. 

Many  of  the  earthquake  epicenters  appear  associated  with  the  general  fault 
trends  within  the  Basin  and  Range  Province;  however,  many  of  the  known 
mapped  faults  appear  to  be  inactive  with  no  significant  movement  since 
late  1600  or  for  over  300  years.  Southeastern  Oregon  has  no  known 
epicenters  and  southwestern  Idaho  has  had  no  significant  epicenters 
since  1920.  In  southeastern  Idaho  along  the  boundary  of  the  desert 
biome,  epicenters  of  minor  significance  were  recorded  between  1955  and 
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the  present  time;  however,  there  have  been  no  major  epicenters  located 
in  this  area.  Northeastern  California  would  also  be  considered  a stable 
area  with  only  one  epicenter  of  moderate  magnitude  located  in  the  area 
since  1890;  this  took  place  over  20  years  ago. 

Western  Nevada  would  be  considered  an  active  area  as  there  have  been 
numerous  epicenters  of  moderate  intensity  recorded  between  1905  and 
1955.  Southeastern  California  is  a very  active  area  with  a large  number 
of  epicenters  located  in  the  area  between  1640  and  the  present.  At 
least  one  severe  earthquake  has  occurred  in  the  area.  Arizona  is  a 
stable  area  with  no  moderate  epicenters  of  record  since  1865,  and  only 
a few  of  slight  magnitude  recorded  between  1955  and  1965.  The  eastern 
boundary  of  the  biome  in  west  central  Utah  is  an  active  area  with  epicenters 
of  slight  to  moderate  intensity  being  recorded  from  1890  to  the  present. 
Eastern  Utah  and  western  Colorado  are  both  stable  areas  with  no  epicenters 
of  more  than  slight  intensity  being  of  record. 

The  rock  formations  exposed  in  southern  Oregon,  southwest  Idaho,  north- 
east California  and  northern  Nevada  are  predominantly  Tertiary  and 
Quaternary  age  volcanics  with  scattered  exposures  of  Quaternary  age 
sediments.  The  faults  in  the  Basin  and  Range  Province  have  left  blocks 
of  Quaternary  sediments  and  with  isolated  blocks  of  Upper  and  Lower 
Palezoic  sediments.  This  system  predominates  in  Nevada.  Quaternary 
sediments  predominate  in  Nevada,  southeast  California,  southern  Arizona 
and  northern  Nevada  while  Cretaceous  age  sediments  are  predominant  in 
western  Colorado  and  northwest  New  Mexico.  In  southern  Utah  and  north- 
east Arizona,  Jurassic  and  Triassic  sediments  predominate  with  large 
scattered  outcrops  of  Paleozoic  and  Cretaceous  age  sediments  being 
present.  In  northwest  and  central  Arizona,  Paleozoic  sediments  pre- 
dominate with  several'  large  exposures  of  Quaternary  and  Tertiary  being 
present  also. 

Minerals 


Mineral  deposits,  both  leasables  and  locatables,  are  distributed  through- 
out the  desert  biome.  The  leasables  are  principally  of  the  evaporite 
type  (salts)  with  the  exception  of  sulfur  which  possibly  was  introduced 
as  a result  of  the  volcanic  activity  in  the  biome.  The  locatable  mineral 
deposits  are  of  fissure  filling,  injection,  replacement,  of  disseminated 
emplacement  types. 

Both  the  leasable  and  locatable  mineral  deposits  are  found  throughout  the 
desert  biome.  The  major  areas  of  concentration  appear  to  be  in  the  areas 
of  the  major  faulting  and  volcanic  activity.  These  are  in  areas  unlikely 
to  produce  oil  and/or  gas. 

The  evaporites  are  likely  to  be  found  where  the  downthrown  block  of  a 
fault  has  exposed  lower  lying  former  lake  beds,  the  drying  up  of  which 
has  resulted  in' the  formation  of  bedded  deposits  of  evaporites.  Totally 
buried  deposits  also  are  present.  The  locatable  minerals  are  likely  to 
be  found  in  areas  of  intensive  igneous  activity  and  considerable  faulting. 
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The  leasable  minerals  likely  to  be  found  in  the  desert  biome  are  phosphate, 
sulfur,  salt,  potash  and  some  borates.  Ores  of  lithium,  bromine,  magnesite 
and  brucite,  which  are  sometimes  leasable,  also  are  found.  Examples  of 
the  locatable  minerals  to  be  found  are  barite,  fluorspar,  manganese,  molyb- 
denum, vanadium,  tin,  tungsten,  niobium,  tantalum,  gold,  silver,  copper, 
lead  and  iron. 

Soils 


The  cold  desert  generally  contains  three  soil  orders.  The  dominant  order 
is  the  Aridisols.  The  Aridisols  occur  in  south  central  Idaho,  southeastern 
Oregon,  central  Washington,  Nevada,  and  western  Utah.  This  order  is  very 
extensive  and  quite  contiguous.  Aridisols  have  prolonged  dry  periods  each 
year  and  have  light  colored  surface  soils. 

Mollisols  are  the  second  most  extensive  soils  occurring  in  the  cold  desert. 
They  occur  in  eastern  Washington  and  Oregon,  southeastern  and  southwestern 
Idaho,  central  and  southwestern  Utah,  and  northeastern  California.  The 
Mollisols  associated  with  the  cold  desert  have  a prolonged  dry  period  each 
year. 

Entisols  are  young  and  essentially  non-developed . Entisols  are  found 
in  recent  alluvium,  recently  stabilized  sand  dunes,  or  on  steep  slopes 
subjected  to  rapid  soil  creep.  Areas  of  Entisols  are  located  in  south 
central  Oregon,  western  Nevada  and  central  Utah. 

The  soils  of  the  hot  desert  biome  belong  in  the  Aridisol  soil  order. 

These  soils  are  found  in  southeastern  California,  southern  Nevada, 
southern  Arizona  and  southwestern  New  Mexico  and  are  hot,  dry  and  low 
in  fertility.  Basically,  the  Aridisols  contain  two  suborders  known  as 
(1)  Orgids  and  (2)  Orthids.  Both  of  these  suborders  have  a character- 
istic hardpan  or  duripan  but  differ  in  structure  and  composition  as 
follows : 

The  hardpan  developed  under  the  suborder  Orgid  consists  of  an 
accumulation  of  clays  and  the  suborder  Orthid  is  composed  of  an 
accumulation  of  calcium  carbonate,  gypsum  and  other  salts. 

The  erosional  and  depositional  features  of  the  desert  soils  vary  con- 
siderably dependent  upon  the  soil  surface  conditions,  subsurface 
characteristics,  slope  and  climate. 

Susceptibility  to  wind  and  water  erosion  is  high  because  the  hot  desert 
soils  are  loose,  single  grained  and  easily  detached.  Surface  disturbance 
by  machines  and  removal  of  the  vegetative  cover  accelerates  erosion. 

Water 


Most  of  the  water  resources  of  the  desert  biome  are  supplied  by  the  larger 
rivers  and  streams  of  such  water  supply  regions  as  the  Columbia-North 
Pacific,  Great  Basin,  Upper  Colorado  and  Lower  Colorado.  The  major  rivers 
of  these  regions  include  the  Snake,  Columbia,  Humboldt,  Green,  and  Colorado, 
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and  they  receive  most  of  their  runoff  from  the  higher  elevations  above  the 
desert  areas.  The  desert  biome  receives  from  less  than  3 inches  of  pre- 
cipitation  annually  in  the  hot  desert  of  the  Lower  Colorado  region  to  more 
than  16  inches  per  year  in  parts  of  the  cold  desert  of  the  other  regions. 
Many  streams  within  the  arid  desert  biome  are  ephemeral  rather  than  peren- 
nial and  provide  little  in  the  way  of  water  resources.  Almost  all  runoff 
from  the  desert  areas  is  fully  committed  to  agricultural,  stock  watering, 
and  related  uses.  The  quantity  and  quality  of  both  surface  and  ground 
water  varies  from  area  to  area  within  the  hot  and  cold  deserts. 

Surface  Water . Of  the  water  resource  regions  mentioned  previously,  only 
one  is  a closed--the  Great  Basin.  The  surface  waters  of  this  basin  drain 
into  inland  water  bodies  such  as  Great  Salt  Lake,  Sevier  Lake,  Pyramid 
Lake  and  Humboldt  Lake.  The  balance  of  the  desert  water  basins  eventu- 
ally drain  into  the  sea.  Surface  water  resources  within  the  desert  areas 
include  streams,  rivers,  reservoirs,  lakes,  springs,  marshes  and  pot 
holes.  These  sources  generally  are  fully  committed  for  man's  uses  such 
as  agricultural,  power,  municipal,  domestic,  industrial,  recreational  and 
fish  and  wildlife  purposes. 

Average  annual  runoff  from  the  desert  is  very  low  and  fluctuates  greatly 
from  one  year  to  the  next.  It  varies  from  less  than  0.1  inch  annually 
in  the  most  arid  section  of  the  hot  desert  to  more  than  2 inches  per 
year  in  small  areas  of  higher  precipitation  zones  of  the  northern  cold 
desert. 

The  quality  of  water  in  most  rivers,  streams,  lakes,  and  springs  is 
generally  adequate.  However,  in  the  Lower  Colorado  region  some  waters 
are  high  in  dissolved  solids  and/or  sediment  concentrations.  Average 
dissolved  solids  (ions  of  sodium,  calcium,  etc.)  vary  within  the  desert 
biome  from  less  than  100  ppm  (parts  per  million)  in  part  of  the  Columbia- 
North  Pacific  region  to  more  than  2,000  ppm  in  some  areas  of  the  Great 
Basin  and  Lower  Colorado  regions.  Average  sediment  concentrations  in 
streamflow  vary  from  less  than  280  ppm  in  part  of  the  Columbia -North 
Pacific  region  to  more  than  30,000  ppm  in  northern  Arizona  and  south- 
western Utah.  While  averages  for  the  latter  area  may  range  around 

30.000  ppm,  sediment  concentrations  as  great  as  700,000  ppm  have  been 
measured  during  peak  flows  on  some  streams. 

Ground  Water.  As  would  be  expected  in  such  arid  areas,  ground  water  sup- 
plies vary  within  the  hot  and  cold  deserts.  Good  quantities  of  ground 
water  exist  in  such  desert  areas  as  the  Columbia  Lava  Plateau  of  the 
Columbia-North  Pacific  region  and  the  alluvial  basins  of  the  Great  Basin 
and  Lower  Colorado  regions.  The  quality  of  ground  water  varies  from 
area  to  area  with  a dissolved  solid  content  ranging  from  less  than 

1.000  ppm  to  more  than  35,000  ppm  (dissolved  solids  include  such  ions 
as  sodium,  calcium,  chloride,  etc.). 
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Climate  and  Air 


The  climatic  conditions  within  the  desert  biome  are  characterized  by  low, 
eratic  precipitation,  strong  winds  (especially  in  the  spring),  and  hot 
summertime  temperatures.  The  desert  biome1 s subregions,  the  cold  desert 
and  the  hot  desert,  are  basically  defined  by  their  differing  climates. 

Cold  Desert.  This  northern  zone  lies  in  a belt  of  westerly  cyclonic 
storms.  These  storms  bring  most  of  the  annual  precipitation  during  the 
winter  and  early  spring  months  except  for  Wyoming.  The  average  annual 
precipitation  ranges  from  4 inches  in  the  desert  valleys  to  16  inches  on 
the  higher  plateaus.  Temperatures  range  from  20°  below  zero  to  115°  above, 
with  the  mean  daily  temperatures  varying  from  20°  in  January  to  75°  in 
July.  Mean  wind  direction  and  velocities  tend  to  remain  similar  during 
winter  and  summer  months.  However,  spring  is  the  windiest  time  of  the 
year  with  winds  of  40  mph  not  uncommon.  Strong  winds  carrying  sand  tend 
to  sculpture  this  arid  section.  Especially  in  the  valleys  of  the  desert, 
atmospheric  subsidence  causes  temperature  inversions  which  result  in 
blankets  of  fog  covering  inland  basins  for  several  days  at  a time.  These 
conditions  could  be  conducive  to  serious  air  pollution  problems  for 
relatively  short  periods. 


Hot  Desert.  The  southern  zone  is  influenced  by  rather  infrequent  frontal 
systems  during  the  winter  that  bring  some  moisture  in  from  the  west  and 
north.  During  the  summer,  thunderstorms  drop  scattered  moisture  through- 
out the  area.  There  are  infrequent  penetrations  of  moisture  from  the 
Gulf  of  California,  the  Pacific,  and  the  Gulf  of  Mexico.  The  average 
annual  precipitation  ranges  from  2 inches  in  the  Lower  Imperial  Valley 
to  8 inches  in  the  remainder  of  the  area. 

Temperatures  range  from  25°  to  125°  above  zero,  with  the  mean  daily  tem- 
perature varying  from  55°  in  January  to  above  90°  in  July. 

Spring  months  tend  to  be  windy  with  sand-carrying  winds  of  over  40  mph 
not  uncommon.  Other  months  experience  similar  direction  but  somewhat 
lighter  wind  velocity.  Late  summer  thunderstorms  occur  with  more  fre- 
quence in  the  hot  desert  than  the  cold  desert  area  with  the  exception  of 
central  Wyoming  where  40  to  50  days  of  thunderstorm  activity  take  place. 

Within  both  zones  there  is  a great  diversity  of  local  climates,  ranging 
between  the  extremes  of  humid,  cold,  torrid,  and  dry.  Wide  local  vari- 
ations are  caused  primarily  by  topography  but  depend,  too,  on  general  air 
circulation,  relative  position  in  the  desert  biome,  and  latitude.  There 
are  wet  periods  and  dry  periods--in  some  years  a marginal  area  will  be 
favored  with  an  unusually  large  share  of  moisture-laden  winds;  rain  will 
fall,  plants  will  thrive.  In  other  years,  the  winds  are  dry  and  the 
desert  community  suffers. 
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Vegetation 


The  desert  supports  an  extensive  community  of  plants  which  essentially 
consist  of  three  lifeforms.  These  are: 

1.  The  annuals,  which  avoid  drought  by  growing  only  when  there  is 
adequate  moisture. 

2.  The  succulents,  such  as  the  cacti,  which  store  water. 

3.  The  desert  shrubs,  which  have  numerous  branches  originating  from 
a short  basal  trunk  bearing  small  leaves  that  may  be  shed  during 
the  prolonged  dry  periods. 

All  have  in  common  the  characteristics  necessary  to  survive  the  arid  con- 
ditions which  typify  the  desert  biome.  Together  they  are  an  important 
source  of  both  food  and  shelter  to  the  many  forms  of  animal  life  that 
prevail. 

All  desert  vegetation  has  a highly  characteristic  "spaced"  distribution 
in  which  individual  plants  are  thinly  scattered  with  large  bare  areas  in 
between.  In  addition  to  characteristic  cacti  and  sage  brushes,  these 
plants  include  forbs,  grasses,  shrubs,  and  even  trees.  The  Joshua  tree 
with  its  misshapen  form  and  unique  leaves  is  perhaps  one  of  the  better 
known  species  found  in  the  Hot  Desert.  The  extensive  "bare  ground," 
however,  is  not  necessarily  free  of  plants.  Mosses,  algae,  and  lichens 
may  be  present  to  form  a stabilizing  crust  in  addition  to  functioning 
as  nitrogen-fixing  agents.  Besides  the  perennial  species  of  plant  life, 
there  also  exist  many  species  of  annual  forbs  and  grasses  which  make  a 
show  during  brief  wet  periods.  The  desert  environment  offers  particular 
advantages  to  these  short-lived  plants  insofar  as  relieving  them  of  the 
difficulties  of  water  supply  which  beset  the  perennials. 

From  an  ecological  standpoint  it  is  convenient  to  distinguish  the  two 
types  of  deserts  on  the  basis  of  temperature,  namely  cold  deserts  and 
hot  deserts.  The  former  is  characterized  by  sagebrush,  greasewood,  shad- 
scale,  and  saltbrush  while  the  creosote  bush  and  yucca  along  with  the 
cactus  typify  the  hot  desert.  In  the  eastern  sector  of  these  deserts  a 
considerable  amount  of  grass  is  mixed  with  the  shrubs;  however,  it  has 
suffered  greatly  from  overgrazing- -the  man-induced  activity  which  has 
had  the  most  significant  impact  on  the  make-up  of  the  vegetation  of  the 
desert. 

Unlike  the  grasslands  and  the  forests  in  more  humid  climates,  where 
vegetation  renewal  begins  relatively  quickly  on  disturbed  areas,  the 
desert  is  essentially  lacking  in  plant  succession.  If  a desert  plant 
community  is  denuded,  the  plants  that  ultimately  return  are  usually  the 
offspring  of  the  original  species.  Exceptions  often  take  the  form  of 
such  noxious  species  as  halogeton  which  is  poisonous  to  sheep  and  cattle. 
Nevertheless,  there  is  no  discrete  series  of  weed,  grass,  shrub,  or  tree 
stages  to  succeed  one  another — preparing  or  ameliorating  the  soil  or  pro- 
viding shade  for  the  next  stage  to  follow.  Consequently,  the  restored 
community  is  the  one  that  was  there  in  the  beginning,  often  taking  decades 
to  reestablish  itself. 
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Animals 


Wildlife  - Terrestrial.  Desert  communities  are  of  intense  interest  for 
the  extremes  of  adaptation  to  the  environment  by  both  plants  and  animals. 
Some  desert  animals  do  not  need  to  drink  water  (e.g.,  kangaroo  rat, 
pocket  mouse);  others  drink  water  at  least  occasionally,  such  as  most 
birds  of  the  desert  which  may  exist  on  dew  but  which  are  most  abundant 
near  a free  water  source.  Many,  if  not  most,  animals  of  the  hot  desert 
avoid  temperature  extremes  by  burrowing  or  occupying  caves;  many  are 
nocturnal . 

In  the  lower  Colorado  basin  of  Arizona  and  adjacent  areas,  there  are  more 
than  750  species  and  subspecies  of  birds  and  mammals.  Not  all  of  these 
are  strictly  desert  species.  Many  may  occupy  only  the  fringes  seasonally 
--such  as  the  large  ungulates  which  are  almost  absent  from  the  desert. 
Carnivores  are  small  and  usually  nocturnal.  Species  of  kangaroo  rat  and 
pocket  mouse  are  characteristic  throughout  the  hot  desert;  both  are  noc- 
turnal burrowers.  Burrowers  are  very  beneficial  in  moving  soil  from  lower 
levels  to  the  surface,  mixing  in  organic  matter,  and  in  planting  seeds. 

Typical  Colorado  Desert  animals  include:  black-tailed  jack  rabbit, 

desert  coyote,  kit  fox,  antelope  ground  squirrels,  cave  bat,  big  brown 
bat,  leaf-nosed  bat,  lesser  nighthawk,  road  runner,  Cambel  quail.  In 
the  Sonoran  Desert  of  Arizona  are  ringtail,  spotted  skunk,  wood  rat, 
peccary,  Gila  woodpecker,  numerous  small  birds  during  winter,  bullsnake, 
three  species  of  rattleshake,  eight  species  of  lizards.  The  Gila  monster 
is  typical  of  the  cactus  community.  The  river  bottoms  and  flood  plains, 
typical  of  more  mesic  areas,  include  some  32  kinds  of  birds.  The  Mojave 
Desert  of  sourthem  California  has  fewer  species  of  pocket  mouse,  no  Gila 
monster,  but  otherwise  many  of  the  same  animals  with  some  differences  in 
subspecies.  The  desert  iguana  and  desert  tortoise  are  commonly  found  here. 
The  yucca  moth  pollinates  the  Joshua  tree.  Death  Valley  has  39  desert 
mammals  and  approximately  100  species  of  birds. 

Northward,  in  the  sagebrush  and  shadscale  of  the  cold  desert,  many  of  the 
same  animals  are  found.  Major  influents  here,  however,  are  Great  Basin 
coyote,  badger,  antelope,  locally  the  mule  deer,  great  horned  owl,  prairie 
falcon,  Swainson's  hawk,  golden  and  bald  eagles,  horned  lark,  and  horned 
toad.  There  are  fewer  reptiles. 

Wildlife  - Aquatic.  A wide  range  of  water  quality  exists  from  the  high 
barren  desert  mountain  snow  water  to  the  very  alkaline  lakes  such  as  the 
Salton  Sea.  All  waters  become  important  to  aquatic  animals  in  the  arid 
conditions  of  the  desert.  Water  shortage  is  emphasized  by  increasing 
human  populations  water  need.  Diversion  of  water  for  irrigation  has  con- 
tributed to  deterioration  of  fish  habitat  in  Pyramid  and  Walker  Lakes, 
Nevada,  once  the  home  of  Lahontan  cutthroat  trout  and  the  depleted  Cui-ui 
sucker . 
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Man  has  altered  desert  aquatic  environment  through  the  construction  of 
large  reservoirs  such  as  Lakes  Powell  and  Mead  to  small  irrigation  and 
stock  watering  reservoirs.  Introduced  exotic  species  such  as  black  bass, 
crappie,  carp,  sunfish,  the  salt  water  species  Corvina,  Sargo  and 
Bairdiella  in  the  Salton  Sea,  and  striped  bass  and  coho  salmon  on  some 
reservoirs  and  tailwaters  all  appear  to  do  well  while  many  endemic  native 
species  are  reduced  in  numbers. 

Threatened  or  Endangered  Wildlife.  One  mammal,  the  Utah  prairie  dog,  is 
endangered  in  the  Great  Basin.  Its  range  is  primarily  in  Piute  County, 
Utah.  The  American  peregrine  falcon  and  prairie  falcon  are  threatened 
species.  In  the  Lower  Colorado  River  region,  the  peregrine  falcon  is 
threatened,  as  is  the  Sonoran  pronghorn.  Mexican  duck,  masked  bobwhite, 
Yuma  clapper  rail,  and  southern  bald  eagle  are  endangered.  The  spotted 
bat  and  Vegas  valley  leopard  frog  are  threatened  species. 

There  are  more  known  threatened  or  endangered  species  of  fish  in  the 
desert  than  in  any  other  biome.  This  would  be  due,  in  part,  to  the  many 
isolated  watersheds  and  the  precarious  nature  of  many  of  the  water  bodies. 
Threatened  (T)  or  endangered  (E)  fish  include: 

(T)  Rio  Grande  cutthroat  trout,  New  Mexico 

(E)  Gila  cutthroat  trout,  Gila  River,  Arizona  and  New  Mexico 

(E)  Piute  cutthroat  trout,  California 

(E)  Desert  pupfish,  Arizona  and  California 

(E)  Tecopa  pupfish,  California 

(T)  Nevada  pupfish,  Nye  County,  Nevada 

(E)  Owens  pupfish,  California 

(T)  Devils  Hole  pupfish,  Ash  Meadows,  Nevada 

(E)  Pahrump  killifish,  Nye  County,  Nevada 

(E)  Woundfin,  Virgin  and  Pare a Rivers,  Utah 

(T)  Desert  dace,  Utah 

(E)  Moapa  dace,  Nevada 

(T)  Little  Colorado  spinedace,  Arizona 

(E)  Pahranagat  bonytail,  Nevada,  Arizona 

(E)  Humpback  chub,  Colorado,  Utah 

(E)  Mohave  chub,  Lake  Tuendae,  California 

(E)  Colorado  River  squawfish,  Utah,  Colorado  River 

Other  threatened  or  endangered  fish  species  are  the  Gila  topminnow,  Gila 
River,  Arizona  and  New  Mexico;  Cui-ui,  Pyramid  Lake,  Nevada;  and  Pecos 
gambusia,  New  Mexico.  Species  whose  status  has  not  been  determined 
include  the  Humboldt  cutthroat  trout,  Colorado  River  cutthroat  trout, 

Utah  cutthroad  trout,  White  River  spinedace,  Shoshone  pupfish,  and  pallid 
sturgeon. 
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Domestic  Livestock.  The  desert  biome  produces  a variety  of  forage  species 
that  are  highly  acceptable  to  domestic  livestock.  Both  cattle  and  sheep 
are  grazed  throughout,  but  relatively  few  sheep  are  grazed  on  the  warm 
desert  portion  of  the  biome. 

The  forage  shrubs  that  grow  on  the  cold  desert  are  especially  well  adapted 
for  sheep  winter  grazing.  The  general  pattern,  then,  is  late  fall, 
winter,  and  spring  grazing  by  sheep  and  often  by  cattle  as  well.  In  the 
northern  one-third  of  the  biome,  this  is  generally  reduced  to  spring  and 
fall  use  because  of  adverse  weather  conditions  during  winter.  Cattle  use 
in  the  cold  portion  is  often  of  a spring-summer-fall  pattern. 

The  warm  desert  portion  of  the  biome  is  characteristically  grazed  by 
cattle  year  long.  Some  sheep  use  occurs  but  is  limited  to  the  winter 
season.  While  forage  is  especially  well  adapted  to  sheep  use,  sheep 
numbers  have  declined  drastically  over  the  years  because  of  economic  con- 
siderations. Conversely,  cattle  numbers  have  increased. 

Bands  of  wild  horses  and  wild  burros  now  roam  a number  of  ranges  of  the 
hot  desert  uplands  and  remote  areas  of  the  cold  desert.  These  animals  are 
protected  by  law.  In  some  localized  areas  they  have  seriously  depleted 
desert  vegetation. 

An  interesting  feature  of  the  warm  desert  is  the  occasional  production  of 
an  abundance  of  winter  annuals  because  of  favorable  moisture  conditions. 
This  happens  about  one  out  of  five  years  on  the  average  and  permits  a 
tremendous  increase  in  livestock  use  for  a brief  period. 

Soil  Organisms.  Soil  organisms  play  the  same  basic  role  in  soil  develop- 
ment in  the  desert  biome  as  they  do  in  other  biomes  (e.g.,  the  previ- 
ously discussed  grassland  biome).  However,  the  supply  of  organic  matter 
is  much  more  limited  in  desert  soils  and  its  breakdown  by  micro-organisms 
such  as  nematodes  and  protozoa  is  much  slower.  This  is  due  to  the  un- 
favorable conditions  for  the  growth  and  activity  of  such  organisms.  While 
the  soil  is  often  warm  enough,  sufficient  moisture  is  very  seasonal  and 
discontinuous.  Some  desert  soils  are  largely  devoid  of  plant  life  and 
micro-organisms  that  would  help  develop  conditions  to  support  such  life 
due  to  harmful  excesses  of  salts  such  as  are  found  in  the  dry  lakebeds 
of  the  hot  desert. 

Human  Settlement  and  Use 


Population  settlement  patterns  in  the  biome  tend  to  be  light  in  density 
for  a majority  of  the  area.  Most  counties  in  1970  had  a density  of  less 
than  10  persons  per  square  mile  compared  to  a national  average  of  57.5. 
Exceptions  to  this  are  the  regional  market  centers  and  those  areas  which 
have  developed  extensive  agriculture  through  irrigation.  Population  con- 
centrations occur  in  the  vicinity  of  El  Paso,  Texas;  Fhoenix-Tucson, 
Arizona;  Southern  California-Las  Vegas,  Nevada,  Reno,  Nevada;  and  in  a 
linear  corridor  from  Boise, Idaho,  to  Salt  Lake  City,  Utah. 
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In  spite  of  low  population  densities,  most  of  the  biome  experienced  a 
net  population  gain  during  the  1960-1970  period.  Very  sparsely  populated 
areas  of  Nevada  and  Arizona,  for  instance,  experienced  a gain  of  13.3 
percent  or  over  (national  average  is  13.3  percent  gain  1960-1970). 

The  entire  area  is  dependent  upon  a limited  water  resource.  Principal 
industries  in  rural  portions  of  the  biome  are  agriculture  and  mining. 

Urban  centers  tend  to  be  new,  modern,  with  growing  manufacturing  and 
service  oriented  industries.  The  Reno-Las  Vegas  areas  have  expanded 
entertainment  and  tourish  services  into  a major  industry. 

One  of  the  reasons  for  significant  population  and  economic  growth 
in  the  biome  during  recent  years  has  been  its  "amenity''  resource.  Warm 
and  typically  cloudless  weather,  low  population,  and  ready  access  to 
recreation--open  space  lands  add  up  to  a high  quality  natural  environment. 
Tourism  and  recreation  are  growing  rapidly.  Subdivision  and  sale  of  lands 
for  retirement  or  recreational  use  is  particularly  attractive  in  many 
rural  areas.  In  urban  areas,  the  "quality  environment,"  in  combination 
with  ready  access  to  services,  educational  institutions,  and  a labor  mar- 
ket, form  a magnet  for  industries  for  which  ties  to  raw  material  sources 
or  national  market  centers  are  not  a major  constraint.  Typical  of  these 
are  apparel,  electronics,  or  aircraft  manufacturing. 

Land  Uses 


Agriculture.  Native  vegetation  covers  a major  portion  of  the  area  and  is 
used  for  livestock  grazing  which  is  the  principal  agricultural  activity 
of  the  biome  (on  an  area  basis).  Livestock  operations  include  both  cattle 
and  sheep  grazing.  The  former  are  primarily  cow-calf  operations  while  the 
latter  are  oriented  toward  lamb  production.  The  bulk  of  these  lands  are 
in  some  form  of  public  ownership.  Extensive  areas  are  used  for  military 
operations  or  other  government  purposes,  such  as  Atomic  Energy  Commission 
test  grounds.  Livestock  grazing  is  permitted  in  such  areas  on  a limited 
basis . 

Natural  vegetative  productivity  for  grazing  decreases,  generally,  from 
north  to  south  in  the  biome.  Areas  in  the  hot  desert  become  marginal 
and,  in  extreme  cases,  unsuitable  for  livestock  use. 

Limited  areas  physically  suited  for  irrigation  have  been  the  key  factor 
in  determining  the  extent  of  irrigated  portions.  Vast  areas  of  productive 
soils,  but  lacking  water,  exist  in  a native  condition.  Important  irri- 
gated crops  in  the  cold  desert  are  potatoes,  sugar  beets,  grains  and  hay. 

Warmer  climate  in  the  hot  desert  allows  the  growing  of  subtropical  fruits, 
cotton,  and  specialty  crops. 

Wilderness.  Areas  formally  designated  and  managed  as  wilderness  or  primi- 
tive are  limited  in  the  biome.  However,  potential  areas  exist.  Presum- 
ably they  will  be  considered  for  use  in  one  of  the  above  categories  as 
land  use  planning  progresses.  Such  areas  exhibit  native  vegetative  cover, 
are  large  in  size  (over  5,000  acres),  and  lack  any  significant  development 
such  as  roads,  buildings,  or  other  facilities. 
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Mining . Minerals  and  mining  were  a key  factor  in  the  original  develop- 
ment of  much  of  the  biome.  Gold  and  silver  booms  were  in  many  cases  the 
thrust  for  initial  settlement.  Current  mining  or  potentials  of  signifi- 
cance are  coal,  oil,  oil  shale,  phosphates,  copper,  gold,  silver,  mercury, 
lead,  zinc,  iron,  tungsten,  gypsum,  sand,  gravel,  and  stone  in  the  eastern 
portion  of  the  cold  desert  and  copper,  gold,  molybdenum,  lead,  zinc,  silver, 
tungsten,  lime,  sand,  gravel,  and  stone  in  the  hot  desert  (Phoenix-Tucson 
area) . Potential  geothermal  steam  sources  are  being  explored  in  such  areas 
as  the  Imperial  Valley  on  the  Mojave  Desert. 

Current  production  of  oil  and  gas  is  limited  in  the  desert  biome,  occurring 
along  the  eastern  portions  of  the  desert  in  Wyoming,  Utah,  Colorado,  and 
New  Mexico. 

Recreation.  Extensive  recreation  uses  occur  throughout  the  biome.  Pres- 
sures for  use  increase  nearer  large  population  concentrations.  The  western 
portion  of  the  hot  desert,  which  is  adjacent  to  the  Los- Angeles -Las  Vegas- 
Phoenix  urban  areas,  is  receiving  extremely  high  use  by  the  general  public. 
Open  space  such  as  this  represents  a valuable  recreation  resource. 

Surface  water  is  very  limited.  Where  it  does  occur  it  is  used  heavily 
for  the  more  intensive  forms  of  water  based  recreation  activities. 

Urban.  Urban  land  uses  in  the  biome  are  separated  by  vast  areas  of  open 
space.  Settlements  outside  metropolitan  areas  tend  to  be  small  with  popu- 
lations of  less  than  10,000  persons.  Settlements  which  serve  a local  mar- 
ket area  or  those  which  are  developing  a tourism-recreation  industry  will 
probably  experience  an  increased  demand  for  residential,  commercial,  and 
industrial  land  uses.  It  appears  that  large-scale  demand  for  recreational 
or  retirement  homesites  will  continue  to  expand  in  remote  areas. 

Metropolitan  areas  have  experienced  phenominal  growth  recently.  The  Las 
Vegas  urban  area,  in  1970,  had  a population  of  229,500  with  a growth  rate 
of  165  percent  over  the  decade.  The  urbanized  area  increased  from  35 
square  miles  to  121  during  this  period.  Other  metro  areas  such  as  Phoenix 
and  Salt  Lake  City  experienced  similar  growth.  There  appears  to  be  no 
reason  why  the  extraordinary  growth  of  metro  areas  should  not  continue  in 
the  future.  Large  areas  of  adjacent  rural  land  will  be  required  for  urban 
expansion. 

Aesthetic  Values 


The  term  "desert"  for  many  people  carries  with  it  a connotation  of  sand 
dunes  and  desolation  somewhat  inhospitable  for  man.  People  now  are  dis 
covering  the  desert  for  its  wide  variety  of  interests. 

Although  there  are  many  similar  characteristics  throughout,  the  desert 
biome  can  be  more  clearly  described  under  its  two  sections — the  Cold 
Desert  and  the  Hot  Desert. 
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Cold  Desert.  The  land  form  of  the  cold  desert  is  typically  the  flat  dry 
bed  of  an  ancient  lake  or  the  relatively  low  rolling  hills  of  the  great 
basin,  occasionally  interrupted  by  a small  mountain  range.  Seldom  is  the 
observer  out  of  sight  of  a mountain  somewhere  in  the  arc  of  view.  The 
texture  of  the  cold  desert  is  generally  the  relatively  soft  texture  of  the 
vast  expanses  of  sagebrush  broken  occasionally  by  a bare  ridgeline,  a steep 
gully,  or  a flat  dry  lakebed.  Color  is  not  an  important  factor  in  the  cold 
desert.  It  is  generally  dominated  by  the  gray-green  of  the  sagebrush  or 
the  flat  grays  and  browns  of  the  soil  typical  to  the  region.  Soil  color 
becomes  a more  important  factor  in  some  portions  of  the  cold  desert  in 
Wyoming  and  Colorado  where  the  red  sandstones  make  up  the  parent  material. 

Lines  play  a very  minor  role  in  the  makeup  of  the  character  of  the  cold 
desert.  The  lines  that  are  evident  are  primarily  those  caused  by  man— 
the  roads,  fences,  and  powerlines  that  occasionally  cross  through  the  area. 
Although  these  intrusions  are  few,  the  ones  that  are  present  are  obvious 
for  many  miles . 

As  in  the  grasslands,  scale  is  difficult  to  define.  The  vastness  of  the 
open  space  with  few  vertical  elements  in  the  landscape  makes  it  hard  to 
tell  just  how  far  an  observer  is  from  a given  object. 

Hot  Desert.  The  character  of  the  hot  deserts  of  the  southwest  is  consid- 
erably different  than  that  of  the  cold  deserts.  The  form  is  more  often 
the  remnants  of  eroded  mesas  with  broad  flat  valley  bottoms.  Where  there 
are  live  streams  running  through  the  desert,  erosion  is  very  active  and 
steep,  sometimes  vertical,  canyons  are  incised  into  onee  flat  mesas.  The 
prime  examples  of  this  are  the  canyons  of  the  Colorado  and  Snake  Rivers. 

There  are  distinct  horizontal  and  vertical  lines  evident  in  the  mesa  tops 
and  sharp  dropoffs  to  the  valley  floors.  Color  becomes  a dominant  factor 
in  the  hot  desert.  The  rich  reds  and  browns  of  the  exposed  soil  and  rocks 
are  much  more  in  evidence  than  in  the  sage  covered  cold  deserts. 

The  texture  is  fairly  coarse  because  of  the  widely  scattered  vegetation. 

The  rocks  and  soil  are  exposed  over  much  more  area. 

Scale  is  much  easier  to  define  in  the  hot  deserts.  The  vertical  lines 
created  by  the  edges  of  eroding  mesas  along  with  the  larger  and  more 
scattered  vegetation  provide  the  observer  with  the  elements  needed  to  more 
accurately  judge  size  and  distance. 

Geologic  Values  of  Human  Interest 

The  deserts  have  some  of  the  dullest  sightseeing  geology  and  some  of  the 
most  intriguing.  In  the  basin  and  range  areas  of  Nevada  it  tends  to  be 
somewhat  repetitive  in  gray  with  long  sweeping  views  of  the  basins  and 
short  quick  trips  through  the  mountain  ranges.  Certain  areas,  particu- 
larly the  Colorado  Plateau,  are  highly  eroded,  mostly  in  colorful  forma- 
tions which  produce  delicate  erosional  features,  easily  recognizable 
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"picture  book"  geologic  structures,  and  grand  views  of  the  total. 

Scattered  throughout  the  biome  are  some  of  the  most  tremendous  canyons 
in  the  world — the  Grand,  the  canyons  of  the  Snake,  the  Owyhee,  the  Green, 
and  others.  Also  present  are  sand  dunes,  volcanic  features,  playas,  and 
fault  structures. 

Archeological  Values 

Remnants  of  both  the  Big-Game  Hunting  Tradition  and  Old  Cordilleran 
Tradition  cultures  are  found  in  the  desert  biome-'-the  former  to  the  east 
and  south  and  the  latter  to  the  north  and  west.  Hunters  in  southeast 
Arizona  hunted  mammoths  and  other  big  game.  Peoples  in  the  Nevada  desert 
were  mostly  gatherers  but  did  hunt  small  game,  including  waterfowl  around 
the  many  Pleistocene  lakes  in  the  region. 

These  two  traditions  developed  into  the  Desert  Culture  Tradition,  a basic 
gathering  culture  that  existed  on  the  many  grasses,  pinyons,  insects, 
acorns,  small  game,  and  other  products  of  the  hot  and  cold  deserts. 

As  the  result  of  strong  influences  from  the  valleys  of  Mexico,  several 
Agricultural  cultures  developed  from  the  desert  Archaic  base  in  the  hot 
desert  and  the  southern  portions  of  the  cold  desert.  Irrigation  farming 
was  practiced,  large  communal  structures  were  constructed,  and  highly 
organized  and  structured  social  systems  were  developed.  During  the  same 
period,  people  with  the  desert  Archaic  Tradition  still  co-existed  and 
others  such  as  the  Apachean  groups  moved  into  the  desert.  This  was  the 
situation  at  the  time  of  first  non- Indian  contact  by  the  Spaniard 
explorers  in  the  early  1500's. 

The  large  archeological  sites  of  the  desert  biome  are  easy  to  detect; 
but  the  attention  paid  to  these  sites  tends  to  allow  other,  less  pre- 
tentious sites--such  as  agricultural  terraces,  campsites,  chipping  areas, 
small  canals,  and  shallow  caves--to  be  neglected  and  destroyed.  Water 
development  projects  can  lead  to  the  destruction  of  many  sites  because 
there  is  almost  a one-to-one  relationship  between  archeological  sites 
and  water  sources  in  the  desert.  The  water  sources  were  as  important 
to  prehistoric  man  as  for  modern  man. 

Large  rock  alignment  figures  called  "intaglios"  occur  along  the  Lower 
Colorado  River.  They  are  difficult  to  see  from  the  ground,  and  driving 
over  them  tends  to  obliterate  them. 

3.  Wood land -Bushland  Biome 

The  woodland-bushland  biome  is  widespread  in  the  western  United  States, 
but  discontinuous,  occurring  as  biological  islands  at  the  higher  eleva- 
tions within  the  grajsland  and  desert  biomes.  It  forms  a transitional  zone 
between  these  biomes  and  the  coniferous  forest  biome.  Its  general  range 
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is  shown  in  figure  11-23.  In  many  ways  its  vegetative  characteristics 
are  similar  to  the  cold  desert. 

Though  the  proportion  of  federally  managed  land  and  subsurface  resources 
is  generally  high  throughout  this  biome,  oil  and  gas  exploration  and  pro- 
duction is  limited,  with  the  exception  of  a portion  of  eastern  Utah. 

Ecological  Interrelationships 

The  woodland-bushland  community  ecosystem  is  diverse  and  occurs  scattered 
over  a wide  area.  The  California  chaparral -bushland  is  fairly  well  defined 
but  the  other  woodland  communities  occur  principally  as  an  ecotone  between 
the  desert  biome  and  the  forest  biome.  Thus  the  ecological  interrela- 
tionships are  closely  related  to,  and  dependent  upon,  these  two  major 
biomes . 

Most  of  the  vegetation  is  woody  trees  or  shrubs  resulting  in  storage  of 
nutrients  and  slow  cyclic  action.  Nitrogen  is  believed  to  be  a limiting 
factor  in  productivity.  At  higher  elevations  the  interrelationships 
resemble  the  forests  with  rapid  energy  turnover  and  a greater  lag  of  auto- 
trophic production. 

The  woodland-bushland  community  generally  occurs  on  unstable  areas  in 
relation  to  soils  and  physiographic  features.  Disturbance  to  the  vegeta- 
tion often  results  in  extensive  erosion  and  subsequent  establishment  of 
desert  type  communities,  even  at  higher  elevations. 

The  aquatic  ecosystem  in  the  woodland-bushland  biome  occurs  primarily  in 
rivers  and  perennial  and  intermediate  streams  generally  originating  in 
higher  elevations  or  forests.  Soil  characteristics  accompanied  by  occur- 
rence of  high  intensity  storms  can  result  in  heavy  siltation.  Surface 
disturbance  accelerates  siltation.  However,  the  surface  waters  do  support 
warm  water,  cold  water,  and  anadromous  fisheries  where  suitable  habitat 
occurs.  Information  regarding  the  aquatic  ecosystem  and  the  microbial 
ecology  of  the  brushland  is  scarce  and  should  be  more  adequately  defined. 

The  woodland  community  ecosystems,  because  of  past  history  of  overuse  and 
relationship  to  other  associated  communities,  are  still  in  a transition 
stage.  There  is  sufficient  evidence  to  indicate  that  woodland  communities, 
especially  pinon- juniper , have  extended  themselves  into  former  grasslands 
and  sagebrush  sites.  This  trend  is  still  in  evidence  and  it  is  expected 
to  continue  until  natural  forces  or  surface  management  practices  come  into 
balance  with  climatic,  site,  and  environmental  factors 

There  is  a close  relationship  between  the  woodland  ecosystem  and  fire. 

Under  the  natural  system,  fire  probably  was  a major  factor  in  maintaining 
a balance  between  the  woodland  and  adjacent  plant  communities.  Fire  pro- 
tection has  significantly  contributed  to  the  expansion  of  Schlerophyll 
and  pinon-juniper  woodlands. 
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Figure  11-23.  Woodland-Bushland  Biome 


Note:  The  Woodland-Bushland  Biome  occurs  as  islands  within  portions 

of  the  Grasslands  and  Desert  Biomes. 
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The  California  chaparral  has  been  described  as  an  example  of  a catastrophic 
climax  vegetation.  The  vegetation  in  this  area,  combined  with  hot  dry 
summers,  presents  a recurring  and  extreme  fire  hazard.  Fire  removes  the 
shrubby  vegetation.  Herbaceous  vegetation  then  develops  rapidly  and 
occupies  the  site  until  the  shrub  dominance  is  reestablished.  Removal  of 
heavily  dominant  shrub  ecosystem  by  fire  or  other  disturbance  can  result 
in  disastrous  floods  and  extensive  siltation. 

Geology,  Land  Forms,  Topography  and  Soils 

Most  of  the  woodland-bushlands  are  located  on  the  high  hills  and  mountains 
of  the  deserts  where  the  soils  have  a slightly  higher  organic  content  and 
the  annual  precipitation  is  higher  than  in  the  intermediate  desert  valleys. 
These  higher  hills  and  mountains  are  capped  with  the  Quaternary  and  Terti- 
ary volcanics  or  the  Upper  and  Lower  Paleozoic  sediments.  The  soils  are 
less  susceptible  to  erosion  and  are  more  stable  than  the  soils  of  the 
desert.  The  controlling  factors  are  the  physiographic  differences  which 
in  turn  ar.e  a result  of  the  tectonics  or  the  faults  within  the  region.  For 
a detailed  description  of  the  geology,  soils,  and  topography,  refer  to  the 
description  of  the  desert  biome. 

The  woodland  areas  in  central  and  southwestern  California  lie  within  the 
physiographic  province  of  the  Pacific  mountain  system.  The  woodlands 
occupy  the  dipslope  of  the  foothills  zone  between  the  San  Joaquin  Valley 
and  the  mountains  which  surround  the  valley.  They  continue  on  the  dip- 
slope  zone  of  the  mountains  and  hills  along  the  west  coast  of  California 
on  into  Mexico. 

Mesozoic  sediments  of  Triassic,  Jurassic,  and  Cretaceous  age  outcrop  in 
the  area  along  the  western  foothills  of  the  San  Joaquin  Valley,  while 
Tertiary  sediments  are  present  along  the  northern  foothills.  The  dipslope 
to  the  northeast  are  Upper  Paleozoic  and  Lower  Mesozoic  sediments  while 
the  southeast  foothills  are  chiefly  granitic  rocks  of  Lower  Tertiary  and 
Mesozoic  age.  The  formations  of  the  foothills  along  the  southwest 
California  mountains  vary  in  age  from  Mesozoic  to  Tertiary  and  include 
both  the  sedimentary  and  granitic  intrusive  rocks. 

Many  extensive  known  faults  occur  within,  adjacent  to,  and  pass  through 
this  biome.  The  pronounced  San  Andreas  fault  zone  is  the  major  strike 
slip  fault  along  the  California  coast;  several  portions  or  branches  of 
this  fault  have  created  surface  features  of  the  western  foothills  of  this 
biome.  This  is  also  an  active  earthquake  zone  with  many  epicenters  of 
slight  to  major  magnitude  being  recorded  from  the  1600's  to  the  present. 

The  soils  of  the  woodland  surrounding  the  San  Joaquin  Valley  are  predom- 
inantly of  the  Aridisol  order  with  warm,  dry  surfaces,  while  the  soils  of 
the  foothills  along  the  west  coast  are  of  either  the  Entisol  or  Mollisol 
order  but  also  have  warm-dry  surfaces. 
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Minerals 


In  the  major  portion  of  the  woodland-bushland  biome,  minerals  generally 
are  the  same  as  those  occurring  at  immediately  lower  elevations  on  the 
desert.  Outside  the  desert  area,  most  of  the  woodland-bushland  biome  is 
in  California.  Here  the  leasable  minerals  are  generally  of  the  evaporite 
bedded  types,  with  most  of  them  being  near  the  biome  boundary  bordering 
the  California  prairie  grasslands.  They  are  primarily  in  the  sediments. 
The  minor  coal  is  low-volatile  bituminous  and  also  some  lignite.  The 
leasables  on  the  western  side  of  San  Joaquin  Valley  in  the  marine  sedi- 
ments are  in  areas  which  could  be  considered  valuable  for  oil  and  gas. 

The  locatable  minerals  are  found  both  as  vein  and  bedded  deposits  and 
for  the  most  part  in  the  sediments  on  the  eastern  flank  of  the  San  Joaquin 
Valley.  The  deposits  very  likely  are  closely  associated  with  the  Sierra 
batholith  and  also  the  faulting  throughout  this  biome. 

The  predominant  locatable  minerals  are  gold,  silver,  iron,  copper,  tin, 
vanadium,  chromium,  manganese,  barite,  gypsum,  magnesite,  brucite.  The 
predominant  leasable  minerals  are  sodium,  iodine,  borates,  sulfur,  phos- 
phate, and  minor  coal,  oil  and  gas. 

Water 


There  is  a wide  range  of  water  resources  within  the  woodland-bushland 
biome.  As  found  in  the  grassland  and  desert  biomes,  most  of  the  water  is 
supplied  by  rivers  and  streams  with  headwaters  in  the  higher  elevation 
forests  above  the  woodland-bushland  areas.  These  higher  elevations  pro- 
vide most  of  the  surface  waters. 

The  woodland-bushland  areas  generally  receive  from  12  to  25  inches  of 
annual  precipitation  with  extremes  of  up  to  50  inches  in  the  California 
oak-chaparral  area.  Both  ephemeral  and  perennial  streams  are  found  in 
the  woodland-bushland  areas.  Flood  waters  of  ephemeral  streams,  which 
are  typical  of  the  juniper  areas,  are  generally  heavy  laden  with  silt. 
High  intensity  summer  thunderstorms  are  typical  of  the  juniper  areas  and 
flood  runoffs  are  not  uncommon.  Both  quantity  and  quality  of  surface  and 
ground  water  varies  from  area  to  area  within  the  woodland-bushland  com- 
munities . 

Surface  Water.  Like  those  found  in  the  grasslands  and  deserts,  surface 
water  resources  of  the  woodland-bushland  areas  include  streams,  rivers, 
reservoirs,  lakes,  and  springs.  Uses  include  domestic,  municipal,  indus- 
trial, power,  agricultural,  recreation,  and  fish  and  wildlife. 

While  the  lower  precipitation  zones  (10M  to  15")  yield  very  little  annual 
runoff  (0.1"  to  0.5"),  the  higher  precipitation  zones  of  15  inches  to  25 
inches  yield  important  annual  runoff  of  from  0.5  inch  to  more  than  10 
inches.  For  the  California  oak-chaparral  area,  annual  water  yield  may  be 
as  high  as  20  inches  from  a precipitation  of  up  to  50  inches  which  comes 
mostly  as  rainfall  during  the  winter  months. 
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The  quality  of  most  surface  waters  within  the  wood land -bush land  areas 
is  generally  adequate  with  the  exception  of  some  of  the  juniper  area 
streams  which  are  high  in  silt  content.  Average  dissolved  solids  (ions 
of  sodium,  calcium,  chloride,  etc.)  range  from  less  than  100  ppm  (parts 
per  million)  to  more  than  2,000  ppm.  Average  sediment  concentration  of 
streamflow  varies  from  less  than  280  ppm  in  the  oak  woodlands  to  more 
than  30,000  ppm  in  some  of  the  juniper  associated  areas. 

Ground  Water.  The  ground  water  supplies  of  the  woodland-bushland  areas 
vary  from  area  to  area  as  in  the  grasslands  and  deserts.  Good  quantities 
of  ground  water  are  found  in  some  areas  such  as  those  of  the  alluvial 
basins  of  California,  Nevada,  and  Arizona.  Ground  water  of  the  woodland- 
bushland  areas  is  used  for  such  purposes  as  irrigation,  domestic,  munici- 
pal, and  stock  watering  supplies. 

Ground  water  quality  varies  from  area  to  area  but  is  generally  good  with 
a dissolved  solid  (ions  of  sodium,  calcium,  chlorides,  etc.)  content 
that  is  normally  less  than  1,000  ppm. 

Climate  and  Air 


Climatic  conditions  vary  greatly  within  the  woodland-bushland  biome. 
Basically,  the  deserts  east  of  the  Sierra  Nevada  Range  are  comparatively 
dry  because  of  the  mountains'  "rain-shadow"  effect  while  the  California 
foothills  come  under  the  influence  of  moisture  laden  marine  air. 

Desert  Foothills.  In  the  northern  section  of  the  desert  foothills  about 
75  percent  of  the  annual  precipitation  falls  during  the  winter  months. 

In  the  southern  area  of  the  desert  foothills,  the  precipitation  is  some- 
what even  throughout  the  year  with  the  months  of  July  and  August  being 
the  dominant  rainy  months.  The  average  annual  precipitation  ranges  from 
10  to  20  inches . 

Temperatures  range  from  20°  below  zero  to  100°  above,  with  the  mean  daily 
temperatures  varying  from  20°  in  January  to  85°  in  July. 

Windiness--especially  in  the  spring--is  characteristic  of  the  desert 
foothills.  Dust  devils  are  frequently  seen  on  hot  days  along  with  summer 
thunderstorms.  Local  winds  of  40  mph  are  not  uncommon.  The  topography 
generally  precludes  fog  conditions  from  taking  place  except  in  isolated 
areas  (small  basins). 

California  Foothills.  Winter  storms  bring  most  of  the  annual  precipita- 
tion with  the  months  of  June,  July,  August,  and  September  remaining  dry. 
Average  annual  precipitation  ranges  from  20  to  40  inches  in  the  north  and 
10  to  20  inches  in  the  southern  part  of  the  area. 

Temperatures  range  from  5°  to  112°  with  the  mean  daily  temperatures  varying 
from  45°  in  January  to  70°  in  July. 
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Winds  are  generally  light  and  from  the  south  during  winter  months  except 
during  the  passage  of  storms  when  winds  frequently  exceed  30  mph.  During 
the  summer,  winds  are  out  of  the  northwest  at  about  5 mph. 

Fog  occurs  only  during  winter  months  and  then  only  in  small  foothill 
valleys  where  air  becomes  trapped  by  topography.  Thunderstorms  occur 
only  about  five  days  out  of  every  year,  generally  in  the  late  spring  or 
early  fall. 

Vegetation 

The  wood land -bushland  biome  is  discussed  by  three  general  categories: 

1.  Broad  Sclerophyll 

2.  Oak  Woodland  and  Bushland 

3.  Pinon- Juniper 

Broad  Sclerophyll  (Oak-Chaparral) . In  the  mild  temperate  region  from 
central  Oregon  through  California,  the  vegetation  generally  consists  of 
trees  or  shrubs  with  hard,  thick  evergreen  leaves.  Three  life  forms-- 
sclerophyll  forest,  woodland,  and  chaparral--merge  with  one  another  with- 
out distinct  regions  and  little  or  no  successional  relationship.  All  are 
best  developed  on  the  coastal  ranges  of  southern  California  but  their 
ranges  extend  from  southern  Oregon  southward  through  the  coastal  mountains 
as  well  as  through  the  Sierra  Nevada  foothills  into  lower  California. 

Chaparral  is  found  in  alternating  patches  in  most  parts  and  occupies  the 
greatest  area.  In  California,  some  5 to  6 million  acres  of  slopes  and 
canyons  are  covered  with  chaparral. 

The  sclerophyll  forest  generally  occurs  in  the  more  highly  developed  north 
slope  sites.  Scattered  trees  or  woodland  types  occur  with  an  understory 
of  grass,  chaparral,  or  sagebrush.  The  woodland-grass  type  surrounds  the 
California  grassland,  extends  northeast  along  the  Coast  range,  and  occurs 
in  other  scattered  areas. 

The  greatest  value  of  the  broad  sclerophyll  is  watershed  protection.  The 
chaparral,  for  example,  consists  of  shrubs  which  form  dense  canopy  thickets 
with  little  or  no  understoty  vegetation.  It  occurs  on  deep,  loosely  con- 
solidated slopes  which  are  highly  erosive.  Removal  of  the  vegetation  by 
fire  or  other  means  can  result  in  disastrous  floods  into  thickly  populated 
downstream  areas.  The  long  dry  summers  result  in  high  fire  danger,  and 
fire  is  an  important  factor  in  the  ecological  development  of  the  sclerophyll. 

Oak  Woodland-Bushland.  The  oak  woodland  and  oak  bushland  vegetative  types 
occur  generally  scattered  as  ecotones  between  the  desert  biome  and  the 
pinon- juniper  community.  Geographical  location  of  the  communities  is 
dependent  upon  topography  and  climate.  The  oak  bushland  community  is 
found  in  the  Rocky  Mountain  foothills  and  the  interior  ranges  in  Utah  and 
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Arizona  at  elevations  between  5,000  and  8,000  feet.  The  vegetation 
usually  does  not  form  a continuous  cover  but  occurs  in  dense  clumps, 
some  of  which  may  be  quite  large.  In  addition  to  oak,  the  vegetation 
generally  consists  of  deciduous  shrubs  of  numerous  species,  the  compo- 
sition of  which  is  dependent  upon  elevation,  topography,  and  aspect. 

The  number  of  plant  dominants  is  large  with  several  species  appearing 
regularly  in  each  community. 

The  oak  woodland  community  occurs  generally  in  southern  Arizona  and 
New  Mexico.  In  addition  to  oak,  juniper,  small  trees,  undershrubs,  and 
grasses  are  interspersed.  This  community  is  also  somewhat  scattered  and 
understory  vegetation  varies  from  cacti  and  yucca  to  grasses  and  shrubs. 
Topography  is  usually  steep  to  rolling  and  soils  are  generally  erosive. 

Pinon- Juniper  Woodland.  The  pinon-juniper  communities  cover  an  area  of 
approximately  60  million  acres  interspersed  generally  through  the  cold 
desert  biome  in  the  western  United  States.  A majority  of  the  type  occurs 
in  the  five  states  of  Nevada,  Utah,  Colorado,  Arizona,  and  New  Mexico. 

Pinon-juniper  generally  occurs  at  elevations  between  5,000  and  7,000  feet 
Stand  density  varies  from  a very  few  trees  per  acre  to  600  or  more  per 
acre.  A rather  open  stand  is  typical,  but  areas  of  dense  trees  are  not 
uncommon.  Very  often  the  stand  thickens  progressively  from  scattered 
trees  at  lower  elevations.  Maximum  density  occurs  just  before  the  rapid 
transition  is  made  into  timber  or  mountain  shrub  types.  The  lower, 
sparse  part  frequently  consists  of  juniper  reproduction  on  sagebrush  or 
desert  grass  sites.  Pinon  pine  generally  becomes  established  following 
juniper  establishment.  Since  junipers  are  more  drought  resistant,  they 
are  commonly  found  at  elevations  500  feet  lower  than  pinon.  Broad  areas 
with  savannah  characteristics  occur  primarily  in  New  Mexico  and  Arizona 
where  the  understory  is  composed  of  mixed  desert  grasses  and  shrubs. 

The  herbaceous  undercover  varies  inversely  with  the  tree  and  shrub  den- 
sity. However,  it  has  been  observed  in  Arizona  that  shrubs  may  tend  to 
increase  with  the  number  of  trees  until  a tree  density  of  50  percent  is 
reached.  The  shrub  undercover  then  decreased  sharply  where  tree  canopy 
exceeds  60  percent  ground  cover. 

Plant  production  under  natural  conditions  is  greatest  in  the  southern 
portion  (Arizona  and  New  Mexico)  of  the  pinon-juniper  type.  This  is  true 
of  both  trees  and  understory.  Trees  will  grow  to  40  feet  on  the  better 
sites  in  the  south  while  30  feet  is  about  maximum  in  the  northern  areas. 

The  flora  of  different  physiographic  areas  of  the  pinon-juniper  type  are 
conditioned  by  climatic  and  other  factors  encountered.  Prominent  plant 
species  and  associations  vary  accordingly. 
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Animals 


Wildlife  - Terrestrial.  In  this  biome,  wildlife  can  best  be  grouped  as 
habitants  of  the  pinon- juniper , the  interior  oak  woodland,  and  the  coastal 
(California)  chaparral.  Few  animals  are  restricted  to  the  p inon- j uniper 
zone  although  many  are  typical  of  it.  The  pinon  jay  and  the  gray  titmouse 
birds  are  characteristic  permanent  residents  largely  restricted  to  this 
biome.  The  whiteheaded  woodpecker  winters  in  the  pinon- juniper . 

In  the  Kaibab-Zion  area,  the  mule  deer  is  dominant  in  winter.  The  moun- 
tain lion  is  the  chief  predator  along  with  the  coyote  and  bobcat.  The 
desert  wood  rat  and  the  rock  ground  squirrel  are  characteristic  residents. 
The  nocturnal  pinon  mouse  is  perhaps  the  most  abundant  mammal  found 
throughout  the  woodland.  The  cliff  chipmunk,  black-tailed  jack  rabbit, 
and  Nuttall's  cottontail  are  common  residents.  Nesting  birds  include  the 
golden  eagle,  red-tailed  hawk,  and  scrub  jay. 

There  is  a comparatively  small  number  of  reptiles  in  the  pinon- j uniper ; 
they  are  most  common  at  lowest  elevations.  Reptiles  include  the  sagebrush 
swift,  several  lizards,  and  snakes  including  the  rattlesnake  and  king- 
snake. 

In  New  Mexico,  the  Mexican  wood  rat  reaches  its  greatest  abundance.  In 
the  Big  Bend  area  of  Texas,  typical  animals  include  the  white- tailed  deer, 
gray  fox,  brush  mouse,  several  lizards,  and  the  rock  rattlesnake. 

More  mammals  occur  in  the  oak-juniper  of  southern  Arizona  and  New  Mexico 
than  in  the  pinon- juniper  zone.  These  include  the  ringtail,  white-tailed 
deer,  fox  squirrel,  turkey,  bobwhite,  and  mourning  dove.  Forty-two  per- 
manent resident  birds,  at  least  16  species  of  lizards,  and  as  many  snakes 
have  been  listed. 

In  the  Rocky  Mountain  bushland,  most  vertebrate  animals  are  either  transi- 
tory or  seasonal.  The  mule  deer  is  an  important  dominant  along  with  the 
usual  large  predators.  The  long-tailed  weasel,  spotted  and  Great  Basin 
skunks  are  common.  Most  rodents  remain  active.  Hibernating  mammals 
include  the  jumping  mouse,  marmot,  Uinta  and  golden  mantled  ground  squir- 
rels. There  are  many  birds,  including  winter  visitors.  Large  mixed 
flocks  of  birds  winter  in  canyon  bottoms  or  other  sheltered  locations . 

Of  11  reptiles,  only  the  rubber  boa  appears  to  belong  primarily  to  the 
bushland . 

In  the  scherophyll  bushland  or  chaparral  in  California  and  southern 
Oregon,  mule  deer  of  several  subspecies  are  wide  ranging;  turkey,  wild  boar, 
and  several  exotic  game  species  can  be  found.  Typical  mammals  include  the 
mountain  lion,  bobcat,  coyote,  gray  fox,  wood  rat,  skunk,  and  brush  rabbit. 
Merriam  chipmunk,  California  mouse,  and  five-toed  kangaroo  rats  are  con- 
fined to  chaparral.  There  are  numerous  small  birds  and  lizards;  but  except 
for  the  tree  frog,  amphibians  are  absent. 
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Wild  life -Aqua tic . Aquatic  wildlife  forms  are  characterized  by 
representatives  of  both  cold  and  warm  water  fish  species.  A variety  of 
aquatic  environment  exists  in  small,  sometimes  intermittent  streams, 
upper  reaches  of  larger  rivers,  impoundments,  and  some  natural  lakes. 

Waters  are  moderately  rich  in  nutrients  and  microorganisms  and  water  qual- 
ity may  be  fair  to  good.  Some  streams  may  carry  heavy  silt  at  times  in 
brushland  areas  with  the  better  quality  and  more  stable  waters  in  wooded 
areas . 


There  is  considerable  fish  species  diversity,  including  many  exotic 
species  introduced  into  the  area.  Representative  fish  are  trout,  salmon, 
whitefish,  striped  bass,  sturgeon,  shad,  catfish,  suckers,  carp,  squaw- 
fish,  shiners,  minnows,  dace,  chubs,  sculpins,  sunfish,  perches,  basses, 
and  other  sunfishes. 

Threatened  or  Endangered  Wildlife.  There  are  no  known  threatened  species 
of  mammal,  bird,  or  fish  unique  to  this  biome.  Some  threatened  or 
endangered  species  range  into  it,  including  the  spotted  bat,  Utah  prairie 
dog,  San  Joaquin  kit  fox,  blunt-nosed  leopard  lizard,  Colorado  River 
squawfish,  the  humpback  chub,  and  White  River  (mountain)  sucker. 

Domestic  Livestock.  The  location  of  the  woodland  biome  at  the  upper  ele- 
vational  margin  of  the  desert  biome,  and  interspersed  throughout  it  as 
biological  islands,  results  in  livestock  distribution  and  use  similar  to 
that  of  the  desert  biome.  In  general,  the  pinon- juniper  portion  serves 
as  spring  and  fall  range  for  both  sheep  and  cattle  and  as  summer  range  for 
cattle  in  some  areas.  Some  winter  sheep  use  occurs  in  the  southern  half 
as  well  as  some  year-long  cattle  use.  Horse  use  is  minor,  although  por- 
tions of  some  of  the  established  wildhorse  ranges  are  located  in  this 
b iome . 

The  forage  species  in  the  California  portion  (chaparral  and  oak  woodland) 
are  largely  winter  annuals.  Therefore,  grazing  use  occurs  for  the  most 
part  during  the  winter  and  early  spring  when  forage  is  at  its  best. 

Cattle  have  been  on  the  increase  and  sheep  have  declined  over  the  years. 
Horses  have  reached  a point  of  relative  stability  after  delining  drastic- 
ally. 

In  general,  ranches  are  cow-calf  operations  or  produce  lambs.  In  the 
California  woodlands,  the  practice  of  running  steers  or  yearlings  is  not 
uncommon  because  of  the  seasonal  nature  of  the  forage. 

Human  Settlement  and  Use 

Human  settlement  and  use  in  this  biome,  with  the  exception  of  the 
California  portion  (oak-chaparral),  is  very  similar  to  that  described  in 
the  desert  biome. 
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The  California  oak-chapparal  is  adjacent  to,  and  partially  includes,  large 
metropolitan  areas.  Population  densities,  therefore,  vary  from  over  250 
persons  per  square  mile  in  expanding  suburbs  to  less  than  10  in  undevel- 
oped areas.  Even  the  more  isolated  areas,  which  are  still  rural  in 
nature,  reflect  the  economic  and  social  influence  of  nearby  metropolitan 
areas . 

The  vegetation  in  this  area,  combined  with  periodic  hot,  windy  and  dry 
climatic  conditions,  presents  a recurring  and  extreme  fire  hazard  to  all 
population  and  land  uses. 

Land  Uses 


Agricultural . Rough  and  steep  topography  limit  agriculture  in  most  areas 
to  livestock  grazing.  Production  of  livestock  on  range  is  the  principal 
land  use  in  the  biome  because  of  this  factor.  Very  minor  portions, 
mainly  in  narrow  valleys,  are  irrigated  and  intensively  farmed.  Ranches 
tend  to  be  isolated. 

Recreational . The  biome  supports  many  extensive  recreational  uses.  Big 
game  and  upland  game  birds  provide  hunting  opportunity  in  most  areas. 

Areas  near  population  concentrations  receive  heavy  recreational  use  which 
is  expected  to  increase  in  the  future. 

Mining.  As  in  the  desert  biome,  many  areas  have  had  a past  history  of 
metallic  mining  (such  as  gold  in  the  California  Mother-Lode  Country) 
which  has  since  decreased  in  significance.  Areas  within  Colorado,  Utah, 
and  New  Mexico  have  produced  oil  and  gas  and  potentials  may  be  relatively 
high.  The  western  side  of  the  San  Joaquin  Valley  of  California  also  has 
some  valuable  oil  and  gas  bearing  formations  with  a number  of  currently 
producing  wells. 

Wilderness . Extensive  roadless  or  undeveloped  areas  exist  with  primitive 
qualities.  Streams  within  these  areas  may  meet  criteria  for  wild  rivers; 
a number  are  now  under  study.  The  California  oak-chaparral  tends  to  be 
more  developed  and  therefore  has  less  area  with  primitive  or  semi-primi- 
tive qualities. 

Forest  Products.  Woodland  components  of  the  biome  support  a small,  but 
locally  important,  source  for  cord  wood  and  fence  posts.  Pinon  pine  nuts 
are  traditionally  harvested  by  some  Indian  cultures  in  the  pinon-juniper 
zones . 

Urban.  Small,  isolated  ranching  or  mining  towns  are  scattered  throughout 
the  area,  as  is  typical  in  the  desert  biome.  Suburban  expansion  is  occur- 
ring in  California  and  to  some  extent  in  the  Salt  Lake  City  area.  In 
California,  fire  hazard  and  suburban  development  present  a major  problem. 
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Aesthetics 


The  woodland-bushland  visual  environment  is  one  that  varies  greatly.  It 
ranges  from  a semi-desert  to  a wooded  foothills  landscape. 

Since  the  valley  bottoms  in  the  West  are  also  the  principal  travel  routes, 
much  of  the  woodland-bushland  type  is  exposed  to  the  view  of  the  traveling 
public.  In  some  areas  this  view  is  from  a considerable  distance.  In 
others  it  is  directly  adjacent  to  the  travel  route. 

The  land  form  of  the  woodland-bushland  communities  varies  from  relatively 
flat  valley  bottoms  through  the  low  rolling  foothills  to  deep  cut  canyons 
and  high  mesas.  Most  typical  of  these  would  be  in  the  rolling  foothill 
area. 

The  texture  varies  as  the  density  of  the  stands  vary,  from  a continuous 
dense  canopy  to  an  open,  scattered  random  pattern. 

The  color  varies  almost  as  much  as  the  land  form  and  the  texture.  Where 
there  is  a fairly  continuous  canopy,  the  gray-green  of  the  vegetation  is 
predominant.  As  the  stands  thin,  the  color  of  the  soil  or  rocks  becomes 
dominant . 

Lines  are  only  evident  where  there  is  an  abrupt  change  in  the  vegetation 
type  or  where  there  has  been  some  disruption  of  the  vegetation,  i.e., 
roads,  powerlines,  etc.  Scale  is  more  easily  defined  and  much  more  obvi- 
ous in  the  woodlands  than  in  the  grasslands  or  desert. 

Geological  Human  Interest  Values 

Most  geological  features  of  interest  are  similar  to  those  found  in  the 
surrounding  desert  or  grassland  areas  at  elevations  which  have  been  pre- 
viously discussed.  For  example,  the  woodland-bushlands  may  cover  the 
tops  of  high  mesas  which  are  an  integral  part  of  the  dramatically  eroded 
areas  on  their  flanks.  In  the  California  foothill  woodland  areas,  there 
are  numerous  faults.  Large  ones,  such  as  the  San  Adreas  fault,  passing 
through  both  prairie  and  woodlands  exhibit  visible  displacement 

The  Broad  Sclerophylls  in  California  cover  the  "Mother  Lode"  country  of 
the  1849  gold  rush.  The  area  is  rich  in  lore,  replete  with  old  ghost 
towns  and  remains  of  the  mining  activities  such  as  dredging  piles  and 
huge  hydraulic  cut  banks. 

Archeological  Values 

Prehistoric  peoples  who  used  the  juniper  associates  and  the  oak  woodlands 
were,  for  the  most  part,  the  same  people  who  inhabited  the  hot  and  cold 
deserts.  Similarly,  the  prehistoric  people  in  the  borad  sclerophyll 
community  of  southern  Oregon  and  California  were  similar  to  those  in  the 
California  and  Palouse  prairies.  Old  Cordilleran  Tradition  developed 
into  an  Archaic  Tradition;  and  the  latter  continued  to  contact  times. 
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4.  Coniferous  Forest  Biome 


The  coniferous  forest  biome  ranges  widely  through  the  western  states  where 
precipitation  is  adequate  to  support  forest  growth.  The  biome  consists 
of  three  fairly  well  defined  component  forest  types  as  mapped  in 
figure  11-24. 

Taiga  Coniferous  Forest.  This  type  spreads  across  interior  Alaska  with 
narrow  fingers  following  water  courses  to  the  timberline  of  the  Brooks 
Range. 

Montane  Coniferous  Forest  (and  Alpine  Communities) . These  forests  cover 
the  Cascade  and  Sierra  Mountains  in  Washington,  Oregon,  and  northern 
California  from  woodland  transition  to  timberline  and  then  extend  east- 
ward to  the  woodland  types  of  the  Great  Basin  and  the  Rocky  Mountains 
above  the  transition  to  the  grasslands  of  the  Great  Plains. 

Northwest  Coastal  Forest.  The  heaviest  of  the  coniferous  forest  types, 
a rain  forest,  it  extends  along  the  Pacific  coast  from  southern  Alaska 
to  western  Washington,  western  Oregon,  and  northwestern  California. 

The  extent  of  federally  managed  lands  and  subsurface  resources  in  the 
coniferous  forest  biome  is  relatively  high,  especially  in  the  Montane 
and  Taiga  regions.  Oil  and  gas  exploration  and  production  activities 
are  low,  with  the  exception  of  some  portions  of  the  central  Rocky 
Mountain  area. 

Ecological  Interrelationships 

The  three  broad  western  coniferous  forest  communities  are  characterized 
by  tree  species  generally  providing  dense  canopy  cover  and  heavy  shade 
yet  woodland-bushland  and  grassland  communities  occur  interspersed 
throughout,  especially  in  the  Montane  Coniferous  Forest  communities. 

The  precipitation  input  to  the  coniferous  forest  ecosystem  is  high  and 
there  is  generally  optimum  moisture  for  maximum  production  of  the  living 
components  of  the  biome.  The  forest  watershed  is  a primary  source  of 
water  flowing  through  other  biomes  at  lower  levels  and  provides  much  of 
the  water  needs  for  the  western  states. 

The  heavy  shade,  with  leaf  retention  throughout  the  year,  results  in  less 
organic  matter  and  poor  understory  vegetative  development.  Soil  organ- 
isms occur  in  moderate  amounts  and  a large  volume  of  nutrients  is  con- 
tained in  the  biomass  of  large  trees.  The  turnover  time  in  ratio  of  bio- 
mass to  production  is  slow,  and  overexploitation  could  reduce  productivity 
by  physical  removal  of  the  nutrients  from  the  ecosystem. 

Coniferous  forest  ecosystems  generally  occur  on  moderate  to  steep  slopes 
with  soils  which  are  often  unstable  and  erosive.  Physical  surface  dis- 
turbance can  adversely  affect  the  inland  aquatic  ecosystems  as  well  as 
streams  and  rivers.  The  aquatic  ecosystems  are  complex  and  diverse.  The 
anadromous  fisheries  are  unique  and  directly  dependent  upon  the  forest 
watershed,  especially  in  the  Northwest  Coastal  Forest. 
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Figure  11-24.  Coniferous  Forest  Biome 
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As  in  the  woodland-bushland  biome,  fire  is  an  important  ecological  factor. 
It  is  especially  important  in  the  Northwest  Coastal  Forest,  an  area  of 
generally  high  rainfall  but  where  an  annual  dry  season  in  July  and  August 
creates  a critical  fire  hazard. 

Favorable  climatic  conditions  in  the  coniferous  forests  generally  enhance 
rehabilitation  and  natural  successional  recovery  in  the  Northwest  Coastal 
and  Montane  ecosystems.  However,  the  Taiga  forest  in  Alaska  is  very 
similar  to  the  tundra  biome  and  the  functions  of  the  Taiga  ecosystem  are 
essentially  unknown. 

Geology,  Land  Forms,  and  Topography 

The  coniferous  forest  biome  of  the  western  states  covers  portions  of  five 
physiographic  provinces:  the  Pacific  Ranges;  the  Columbia  and  Colorado 

Plateaus;  the  northern  and  southern  Rocky  Mountains. 

In  the  Pacific  Ranges,  the  faults  in  northwestern  California  are  predom- 
inantly oriented  north-south  as  are  the  sharp  folded  anticlines  of 
western  Washington  and  Oregon.  Along  the  crest  of  the  Cascade  Mountains, 
volcanic  cones  are  distinctive  surface  features,  while  to  the  east  on  the 
Columbia  Plateau,  broad  anticlines  oriented  generally  east-west  predomin- 
ate. Northerly  trending  faults  follow  the  western  border  of  the  Colorado 
Plateau  into  the  northern  Rockies  of  southwestern  Wyoming  and  southeastern 
Idaho  where  they  converge  with  the  northwest  trending  faults  from  the 
eastern  side  of  the  Rockies.  The  faults  along  the  east  front  range  of  the 
Rockies  come  out  of  Mexico  along  the  Rio  Grande  and  are  predominantly  dis- 
played in  the  near  vertical  outcropping  formations  exposed  along  the  foot- 
hills. They  are  generally  oriented  north-south  in  Colorado,  then  swing 
northwest-southeast  in  central  Wyoming  and  continue  on  this  trend  into 
southwest  Montana  and  Idaho. 

The  earthquake  epicenters  in  these  physiographic  regions  follow  the  same 
general  pattern  as  the  fault  systems  outlined.  In  western  Washington 
there  appears  to  be  a relationship  between  these  epicenters  and  the  vol- 
canic areas,  while  in  western  Oregon  there  appears  to  be  no  structural- 
epicenter  relationships.  The  points  of  convergence  of  the  various  faults 
are  the  most  active  areas  and  also  the  areas  of  higher  earthquake  magni- 
tude with  activity  noted  from  the  early  1800's  to  the  present. 

The  mountains  of  the  Pacific  Coast  are  moderate  to  steeply  sloping  with 
relief  (base  elevation  to  peak)  varying  from  1,000  feet  to  over  3,000 
feet  while  inland,  on  the  Columbia  Plateau,  the  topography  becomes  mod- 
erate to  gentle.  In  the  northern  Rockies  and  most  of  the  southern 
Rockies,  the  mountains  are  moderate  to  steeply  sloping  with  over  3,000 
feet  of  relief. 

In  Alaska,  the  Taiga  Coniferous  Forest  includes  most  of  the  western  and 
all  of  the  eastern  central  portions  of  the  State,  covering  most  of  two 
large  physiographic  provinces ,. the  Central  Highland  and  Basin  area  and 
the  Pacific  mountains. 
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The  extensive  fault  system  found  in  Alaska  is  due  to  its  being  located 
at  the  apex  of  the  eastern  and  western  Circumpacif ic  fault  belts.  Four 
mountain  systems  were  formed  as  a result  of  this  faulting  and  folding-- 
the  Pacific  mountains  along  the  southern  coast,  the  Alaskan  Range  with 
the  highest  mountain  on  the  North  American  Continent,  Mt.  McKinley,  the 
White  Mountains  in  the  Yukon-Tanana  highlands,  and  the  Brooks  Range  of 
northern  Alaska. 

The  most  active  earthquake  areas  are  located  at  the  flexture  or  apex  of 
the  fault  systems  along  the  southern  coast  and  north  of  Fairbanks. 
Although  normally  slight  in  magnitude,  the  area  is  geologically  very 
active  with  daily  tremors  commonly  occurring.  Massive  earthquakes  such 
as  occurred  in  1964,  reflect  the  potential  for  major  seismic  occurrences. 

Along  the  southern  and  southeastern  coast,  the  topography  of  the  forest 
area  varies  from  low  to  high  mountains  with  steep  slopes  and  relief  vary- 
ing from  1,000  feet  to  over  3,000  feet. 

In  interior  Alaska,  the  topography  of  the  forest  area  varies  considerably. 
The  commercial  forests  are  located  in  narrow  bands  along  the  river  drain- 
ages and  on  the  flat  plains,  while  the  noncommercial  forests  are  found  on 
the  high  and  low  open  hills  and  mountains.  Relief  varies  from  500  to 
3,000  feet. 

Along  the  southern  coast,  Cretaceous  and  Lower  Tertiary  age  sediments 
predominate  in  the  forest  areas  while  to  the  southeast,  Paleozoic  sedi- 
ments and  intrusive  granitic  rocks  of  Tertiary  and  Mesozoic  age  predomin- 
ate. In  the  interior,  Quaternary  aluvium  covers  the  flats  long  the  rivers 
while  the  upland  areas  have  exposures  of  sediments  and  metamorphic  rock 
varying  in  age  from  Precambrian  to  Tertiary.  Small  localized  areas  of 
Tertiary  and  Mesozoic  age  granitic  intrusives  are  also  found. 

Minerals 


Locatable  mineral  deposits  are  probably  more  pronounced  in  this  biome  than 
in  any  of  the  others.  These  deposits  are  principally  of  the  vein  type 
and  closely  associated  with  the  Laramide  orogeny  of  the  Rocky  Mountains, 
the  Sierra  Batholith,  the  Idaho  Batholith,  and  the  Pacific  Coast  disturb- 
ances. The  deposits  are  distributed  throughout  the  biome  with  the  excep- 
tion of  few  if  any  being  found  in  montane  coniferous  forests  in  east- 
central  Arizona  and  west-central  New  Mexico,  Wyoming,  and  southeast 
Montana.  However,  this  does  not  rule  out  the  existence  of  deeply  buried 
mineral  deposits. 

The  leasables,  other  than  petroleum,  natural  gas,  and  coal,  again  are  the 
evaporite  bedded  type  and  appear  to  be  found  on  the  flanks  of  mountain 
ranges.  The  coal  in  this  biome  is  of  all  types  ranging  from  the  anthra- 
cites through  the  bituminous  to  the  lignites.  There  is  less  chance  that 
large  commercial  leasable  or  locatable  mineral  deposits  will  be  found  in 
those  portions  of  the  biome  in  northeastern  Washington,  northeastern 
Oregon,  Idaho,  northwestern  Montana,  and  central  Arizona. 
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It  could  be  that  almost  all  types  of  the  locatable  minerals  can  be  expected 
to  be  found  in  this  biome.  Following  are  the  predominant  ones:  gold, 

silver,  copper,  lead,  zinc,  iron,  manganese,  chromium,  cobalt,  nickel, 
molybdenum,  vanadium,  tungsten,  niobium,  tantalum,  tin,  fluorspar,  barite, 
gypsum,  magnesite,  and  brucite.  The  leasables,  other  than  petroleum  and 
natural  gas,  are  potash,  borates,  sulfur,  coal,  and  phosphate. 

Alaska  needs  separate  treatment  in  describing  mineral  resources  of  this 
biome.  Coal,  one  of  the  leasable  minerals  in  this  area,  is  primarily 
found  in  the  northwestern  part  of  Alaska.  It  ranges  from  anthracites 
through  low  volatile  to  high  volatile  subbituminous  found  principally  in 
upper  Paleozoic  sediments. 

The  locatable  minerals  are  found  throughout  the  Taiga  and  Northwest 
Coastal  coniferous  forest  areas.  These  minerals  are  found  in  close 
association  with  the  fault  systems  throughout  the  area.  The  deposits 
are  primarily  of  the  fissure  filling,  replacement,  or  disseminated  types. 
The  gypsum,  found  in  the  northwest  coastal  area,  is  of  the  evaporite  type. 
Some  of  the  deposits,  in  particular  tin,  gold,  silver,  and  platinum,  are 
found  as  placer  deposits  along  the  rivers.  In  addition  to  the  above, 
there  are  bedded  barite  deposits  in  the  Cretaceous  sediments  in  the  north- 
west coastal  area. 

The  locatable  minerals  of  prominence  in  the  Taiga  and  Northwest  Coastal 
areas  of  Alaska  are  fluorspar,  barite,  gypsum,  zinc,  gold,  silver,  copper, 
lead,  tin,  platinum,  molybdenum,  nickel,  chromium,  iron,  and  mercury.  The 
leasable  minerals  in  this  area  are  coal,  oil  and  gas,  and  phosphate. 

Soils 


The  soils  in  the  coniferous  forest  biome  range  from  the  Inceptisols  in 
the  cool  wet  climate  to  the  Mollisols  in  the  very  dry  climate.  Soils  in 
most  of  the  orders  range  in  depth  from  very  shallow  to  very  deep,  from 
sandy  to  clayey  in  texture,  from  very  stony  to  non-stony,  occur  on  topog- 
raphy that  ranges  from  nearly  level  to  very  steep,  and  range  from  poorly 
drained  to  well  drained.  Criteria  that  seperate  soils  at  the  order  level 
are  very  broad  and  are  based  on  the  weathering  characteristics  rather 
than  behavior  to  management. 

Inceptisols  and  Ultisols  generally  occur  in  the  higher  elevations  and 
areas  receiving  larger  amounts  of  precipitation.  Ultisols  have  clay 
enriched  subsoils,  are  acid  in  nature,  and  may  have  light  or  dark  colored 
surfaces.  Characteristics  of  the  Inceptisols  vary  greatly.  The  soils  in 
these  two  orders  occur  in  northeastern  California,  western  Oregon  and 
Washington,  adjacent  to  the  Canadian  border  in  northern  Idaho  and  north- 
western Montana,  and  south  in  the  Rocky  Mountains  to  central  Idaho.  A 
few  Spodosols  will  be  intermingled.  Inceptisols  are  found  throughout 
Alaska  where  mineral  soils  occur. 

Permafrost  conditions  occur  d is continuously  through  portions  of  the  Taiga 
forests  of  interior  Alaska.  The  soils  of  the  river  valleys  and  the  lower 
side  slopes  of  the  mountains  are  covered  with  a thin  to  thick  blanket  of 
vegetative  material  that  acts  as  an  insulating  mat.  In  most  of  interior 
Alaska,  this  mat  provides  protection  and  stabilizes  the  underlying  soils 
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which  are  a frozen  or  a permafrost  soil.  When  the  vegetative  cover  is 
disturbed  or  removed,  the  permafrost  is  exposed,  and  during  the  moderate 
temperature  short-duration  summer  period,  the  exposed  permafrost  melts 
at  exceedingly  high  rates. 

Alfisols  occur  in  areas  receiving  less  rainfall  than  the  previous  two 
orders.  Therefore,  the  bare  status  is  higher.  Alfisols  have  a clay 
enriched  subsoil  and  a grey  to  brown  surface  soil.  The  large  areas  of 
Alfisols  are  located  on  the  east  and  west  sides  of  the  Sacramento  Valley 
in  California  and  areas  on  the  east  front  of  the  Rocky  Mountains  in 
Montana,  Wyoming,  and  Colorado. 

Mollisols  have  a high  base  status,  have  a surface  enriched  in  organic 
matter,  and  have  dark  colored  surfaces.  Mollisols  are  located  in  the 
southern  Rocky  Mountains  in  Utah  and  Arizona.  The  Mollisols  range  from 
cold  to  warm  climate. 

Entisols  are  young  soils  lacking  diagnostic  horizons.  They  occur  in 
areas  having  recent  deposits  of  alluvium,  on  very  steep  raveling  slopes 
and  on  areas  of  recently  stabilized  sand  dunes.  These  soils  occur  in 
western  Colorado,  northwestern  New  Mexico,  and  central  Utah. 

Aridisols  are  generally  associated  with  the  desert  as  they  have  prolonged 
dry  periods.  However,  there  are  areas  of  Aridisols  supporting  coniferous 
forests  in  New  Mexico  and  Arizona. 

Water 


The  water  resources  of  the  coniferous  forests  provide  most  of  the  water 
needs  for  the  western  United  States.  These  forest  areas  supply  the  major 
rivers  and  streams  flowing  from  the  forests  and  subsequently  through  the 
other  biomes  (grassland,  desert,  woodland -bushland) . They  are  also 
largely  responsible  for  recharge  to  the  ground  water  aquifers  of  adjacent 
woodland-bushland,  grassland,  and  desert  areas.  The  generally  higher  ele- 
vation coniferous  forests  vary  in  annual  precipitation  received  from  as 
low  as  10  inches  in  part  of  the  Taiga  Forest  of  Alaska  to  a high  in  excess 
of  150/ inches  at  some  stations  along  the  coastal  areas  of  northwestern 
Washington  and  southeastern  Alaska.  Streams  of  the  coniferous  forests  are 
largely  perennial  although  some  may  be  intermittent  in  regions  where 
extended  dry  periods  normally  occur  during  certain  seasons  (i.e.,  along 
the  coasts  of  Oregon  and  Washington  during  the  summer).  The  coniferous 
forests  are  water  surplus  areas  because  of  the  large  amounts  of  precipi- 
tation and  provide  generous  quantities  of  high  quality  water  which  in  many 
areas  exceeds  the  demand. 

Surface  Water.  The  large  quantities  of  surface  water  found  in  the  con- 
iferous forest  biome  occur  as  streams,  rivers,  lakes,  reservoirs,  springs, 
marshes,  and  pot  holes.  These  water  resources  are  used  for  power,  indus- 
trial, municipal,  agricultural,  recreation,  and  fish  and  wildlife  purposes. 
Natural  lakes  are  an  important  part  of  the  surface  water  resources  of  the 
coniferous  forest  biome. 


11-92 


Water  yield  from  the  coniferous  forests  is  generally  plentiful,  ranging 
from  about  5 inches  annually  in  the  southern  Rocky  Mountains  to  over  150 
inches  annually  in  parts  of  northwest  Washington  and  southeastern  Alaska. 
This  water  is  yielded  largely  during  the  spring  and  early  summer  months 
in  the  higher  elevations  and  in  central  Alaska  where  precipitation  occurs 
mostly  as  snow.  However,  along  the  lower  elevation  coastal  areas  of 
northern  California,  Oregon,  Washington,  and  southeastern  Alaska  where 
precipitation  occurs  during  the  winter,  predominantly  as  rainfall,  most 
of  the  runoff  comes  during  the  period  of  November  through  March. 

The  quality  of  most  surface  waters  in  the  coniferous  forests  is  good  to 
excellent.  Average  dissolved  solids  (ions  of  sodium,  calcium,  chloride, 
etc.)  generally  are  below  100  ppm.  The  sediment  concentrations  found  in 
coniferous  forest  streams  are  generally  low  (usually  less  than  280  ppm) . 

Ground  Water.  Ground  water  supplies  in  the  coniferous  forests  are  gen- 
erally adequate  although  not  so  important  a source  as  in  the  grassland, 
desert,  and  woodland-bushland  biomes.  Because  of  the  normal  surplus  of 
surface  water,  ground  water  use  and  demand  in  the  forest  areas  is  gener- 
ally low. 

The  quality  of  ground  water  is  generally,  good  in  the  forests  with  a dis- 
solved solid  content  that  normally  is  less  than  1,000  ppm. 

Climate  and  Air 


Significant  climatic  differences  within  the  biome  call  for  a separate 
analysis  on  a regionalized  basis. 

Rainy  Coastal.  Moist  Pacific  air  moving  in  a west  to  east  path  results 
in  high  rainfall  all  along  the  coast.  The  dry  season  reaches  its  climax 
in  July  and  August,  after  which  the  rainy  season  comes  on  gradually, 
reaching  its  peak  in  December.  Average  annual  precipitation  ranges  from 
30  to  40  inches  in  the  San  Francisco  area,  60  to  140  inches  in  the  Olympic 
Mountains  of  Washington,  and  80  to  150  inches  in  the  south  central  coast 
section  of  Alaska. 

Temperatures  range  from  a low  of  15°  below  zero  along  the  Alaska  coast  to 
30°  at  San  Francisco  while  high  temperatures  can  reach  into  the  90' s 
throughout  the  area.  Mean  daily  temperatures  range  from  20°*to  35°  in 
January  to  50°  to  60°  during  July. 

During  winter  months,  the  wind  sometimes  attains  hurricane  force  along 
the  ocean  coast.  In  summer  months,  northerly  winds  prevail,  especially 
in  the  daytime.  Thunderstorms  are  infrequent  and  usually  feeble  along  the 
western  part  of  the  area. 

Interior  Alaska.  This  part  of  Alaska  is  moist  with  severe  winters.  Pre- 
cipitation varies  from  7 inches  in  the  upper  Yukon  Valley  to  12  inches  at 
Fairbanks  and  16  inches  in  the  Matanuska  Valley.  There  are  about  two 
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months  (June  and  July)  when  no  snow  falls  and  this  tends  to  be  the  wettest 
time  of  the  year  with  July  averaging  3 inches  of  rainfall  annually. 

Temperatures  range  from  35°  below  zero  in  the  Matanuska  Valley  and  75° 
below  zero  along  the  basin  of  the  Yukon  to  a high  of  90°  in  the  Matanuska 
and  100°  in  the  Yukon  Basin.  The  mean  daily  temperatures  vary  from  a 
low  of  -15°  to  -0°in  January  to  50°  in  July. 

Winds  are  generally  out  of  the  east  during  the  winter  months  at  about 
5 mph.  During  the  short  summer  season,  winds  are  out  of  the  west  bringing 
moist  maritime  air  in  from  the  Bering  Sea.  During  the  summer  months, 
thunderstorm  activity  takes  place  from  5 to  10  days  each  year. 

The  daily  hours  of  growing  season  sunshine  in  the  Interior  of  Alaska  are 
as  varied  as  the  rainfall  and  temperature  differences.  The  lower  lati- 
tudes receive  16  hours  of  sunshine  a day  during  June  while  the  northern 
latitudes  receive  24  hours.  However,  there  are  nearly  as  many  cloudy 
days  as  clear  days  in  the  course  of  a year  which  affects  the  incoming 
solar  radiation  during  summer  months. 

Mountain  Association.  The  climate  within  this  area  is  directly  related 
to  elevation — the  higher  it  is,  the  colder  and  wetter  the  climate. 

Precipitation  at  the  lower  levels  generally  averages  about  16  inches  per 
year.  The  higher  elevations  are  quite  different,  with  the  Sierras  in 
California  receiving  50  inches,  the  Cascades  90  inches,  and  the  Rockies 
30  inches.  Average  January  precipitation  varies  from  8 inches  along  the 
Sierras  and  Cascades  to  1 to  3 inches  in  the  Rockies  and  from  1 inch  or 
less  along  the  Sierras  and  Cascades  to  2 to  3 inches  in  the  Rockies 
during  July. 

Average  daily  minimum  temperatures  during  January  range  from  20°  at  the 
lower  elevations  to  0°  at  the  higher  elevations.  Maximum  temperatures 
during  July  average  85°  at  the  lower  elevations  to  70°  at  higher  eleva- 
tions. The  mean  daily  temperatures  average  about  10°  warmer  during 
January  and  10°  colder  during  July. 

Wind  directions  and  velocities  are  subject  to  topography  and  considerable 
convective  activity,  especially  during  the  summer  months.  At  the  summits 
of  the  mountains,  the  winds  are  generally  from  the  west  and  are  fre- 
quently very  strong  in  the  winter  and  spring. 

There  is  considerable  thunderstorm  activity  in  this  mountainous  country — 
especially  over  Colorado  and  New  Mexico — where  the  incidence  (50  to  70 
per  year)  of  thunderstorm  activity  is  exceeded  only  in  Florida  and  the 
Gulf  Coast. 
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Vegetation 


Coniferous  trees  are  the  predominant  form  of  vegetation  covering  extensive 
areas  ranging  from  the  Pacific  Coast,  including  Alaska,  to  the  grasslands 
in  the  east.  The  identifying  life-form  is  the  needle-leaved  evergreen 
tree,  especially  the  spruces,  firs,  and  pines  which  form  a relatively  con- 
tinuous canopy  over  the  forest  floor.  Thus,  a dense  shade  exists  the  year 
around,  often  resulting  in  poor  development  of  shrub  and  herb  layers. 
However,  the  continuous  blanket  of  chlorophyl  present  the  year  around 
results  in  a fairly  high  annual  production  rate. 

The  composition  of  the  forest  vegetation  is  influenced  to  a large  extent 
by  elevation  resulting  in  four  basic  vegetational  zones.  Proceeding  up- 
ward from  the  lowlands,  these  include  the  woodlands,  forest,  subalpine 
forest,  and  alpine  meadows.  Due  to  the  comparatively  high  rain  or  snow- 
fall, a profusion  of  water  bodies  and  courses  are  distributed  over  the 
forest  supporting  an  abundant  variety  of  aquatic  species  of  plant  life. 

In  addition  to  the  actions  of  man,  natural  forces  such  as  bark  beetles, 
defoliating  insects,  disease,  and  fire  exact  annual  losses  to  the  vegeta- 
tion. However,  such  outbreaks  are  part  of  a continuous  cycle  of  develop- 
ment to  which  the  coniferous  forest  ecosystem  is  adapted  through  rapid 
plant  establishment  and  succession. 

The  harvesting  of  timber  to  provide  wood  products  characterizes  most  of 
the  biome,  historically  as  well  as  presently.  The  forest  vegetation 
provides  aesthetic  and  recreational  values  and  acts  as  a soil  stabilant 
in  protecting  extensive  watersheds  for  man's  enjoyment  and  use.  The 
vegetation  also  provides  shelter,  protection,  and  food  to  the  many  forms 
of  wildlife  that  dwell  in  the  forest.  Over  time,  the  area  supporting 
forest  vegetation  has  been  reduced  in  some  areas  for  agricultural  crop 
production  or  urban  development. 

There  are  three  geographic  areas  which  comprise  the  coniferous  forest: 

The  Montane  Forest  is  scattered  over  extensive  areas  in  the  mountainous 
regions  of  the  western  United  States.  In  the  lower  elevational  zones  the 
primary  species  consist  of  douglas-fir,  engelman  spruce,  ponderosa  pine, 
lodgepole  pine,  and  aspen.  In  the  higher  zones,  subalpine  and  alpine  con- 
ditions exist  with  grassland  meadows  interspersed  with  dense  stands  of 
subalpine  firs  and  engelman  spruce.  In  addition  to  being  an  important 
timber  producing  region,  it  embraces  large  areas  devoted  to  recreation 
and  wilderness  use. 

The  Coastal  Coniferous  Forest  is  a narrow  belt  extending  along  the  coast 
from  northern  California  to  southeastern  Alaska  and  is  characterized  by 
lush  vegetation  due  to  the  high  annual  rainfall.  Douglas-fir,  redwood, 
hemlock,  western  red  cedar,  and  sitka  spruce  are  the  predominant  tree 
species  and  collectively  constitute  one  of  the  most  productive  timber 
growing  regions  in  the  world.  A dense  vegetal  understory  is  made  up 
primarily  of  mosses,  salal,  and  salmonberry. 
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The  Taiga  Forest  covers  the  vast  area  of  interior  Alaska  and  supports 
white  spruce,  black  spruce,  paper  birch,  balsam  poplar,  and  aspen.  The 
permafrost  and  high  water  table  levels  are  important  determinants  affect 
ing  their  distribution.  Interspersed  are  areas  comprising  sedges  and 
grasses  formed  following  the  succession  of  lake  to  bog.  The  entire  for- 
est is  essentially  virgin  in  nature  and  fires  constitute  the  primary 
destructive  force  to  which  the  vegetation  is  subjected. 

Animals 


Wildlife  - Terrestrial.  Terrestrial  wildlife  of  the  coniferous  forests 
can  best  be  presented  by  the  three  major  forest  types  which  they  inhabit. 
Taiga  forests  typically  have  a thick  duff  layer  and  decay  takes  place 
slowly.  The  soil  may  contain  a fair  population  of  small  organisms  but 
comparatively  few  large  ones.  Most  animals  are  shy  and  retiring.  They 
utilize  the  dense  evergreen  growth  as  cover  and  for  protection  in  winter 
weather.  They  can  tolerate  cold  winters  with  much  snow.  The  herbivores 
are  largely  browsers.  Some,  such  as  the  moose,  elk,  snowshoe  hare,  and 
grouse,  depend  at  least  in  part  on  broad-leaved  plant  communities  found 
in  burns  or  natural  openings,  along  streams,  etc. 

The  Taiga  has  an  enormously  important  seasonal  cycle  conspicuous  in  the 
dormancy  of  its  invertebrates  and  of  many  vertebrates,  and  in  the  spring 
influx  and  autumn  departure  of  migratory  birds.  Outbreaks  of  certain 
insects,  particularly  bark  beetles  and  defoliators,  result  in  destruction 
of  large  areas  of  forest.  About  50  species  of  insects  are  important. 

The  spruce  budworm  and  the  tent  caterpillar  are  dominants  and  important 
everywhere. 

Found  throughout  nearly  the  entire  biome  are:  wolverine,  lynx,  red 

squirrel,  and  snowshoe  rabbit.  The  larger  animals  progressively  drop 
out  southward  on  the  mountains.  The  moose  and,  in  the  east,  the  white- 
tailed deer  are  widely  distributed.  The  woodland  caribou  formerly  was 
abundant  in  the  east  where  it  was  important  to  native  tribes.  Smaller 
typical  species  include  the  porcupine,  woodchuck,  weasels,  snowshoe 
rabbit,  northern  flying  squirrel,  marten,  red  squirrel,  chipmunk,  and 
various  mice  and  shrews. 

Wildlife  - Aquatic.  Inland  waters  of  the  coniferous  biome  that  do  not 
empty  directly  into  the  sea  are  characterized  by  high  quality,  low  tempera- 
tures, and  a fair  grade  of  aquatic  food. 

High  elevation  streams  support  trout,  whitefish,  and  sculpin  populations. 
Lower  streams  support  chub,  carps,  dace,  and  suckers  mixed  with  popula- 
tions of  salmonids.  Other  common  fish  are  black  gass,  sunfish,  catfish, 
pike,  and  minnows. 

West  coast  and  Alaska  streams  produce  the  anadromous  steelhead  and  five 
commercially  important  species  of  salmon:  the  Chinook,  sockeye,  chum, 

pink,  and  coho.  Migratory  populations  of  coastal  cutthroat  trout  are 
present  in  many  coastal  streams  from  California  to  Bristol  Bay,  Alaska. 
Other  important  species  are  striped  bass,  shad,  sturgeon,  etc. 
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Threatened  or  Endangered  Wildlife.  Threatened  (T) , endangered  (E) , 
peripheral  (P)  terrestrial  species  and  species  of  undetermined  status  (U) 
in  the  coniferous  forest  include: 

(T)  Kaibab  squirrel,  restricted  range,  Arizona 
(T)  Glacier  bear,  southern  Alaska 

(T)  Grizzly  bear,  northern  Rocky  Mountains 

(P)  Mountain  caribou,  in  U.S.  Pacific  Northwest 

(U)  Pine  marten,  northern  U.S. 

(U)  Fisher,  northern  U.S. 

(U)  Wolverine,  northern  U.S. 

(U)  Canada  lynx,  northern  U.S. 

Threatened  (T)  or  endangered  (E)  fish  in  the  biome  include: 

(E)  Arctic  grayling,  Montana 
(E)  Greenback  cutthroat  trout,  Colorado 
(T)  Little  Kern  goldentrout,  California 
(T)  Olympic  mudminnow,  Washington 

Domestic  Livestock.  Livestock  grazing  occurs  largely  on  the  mountain 
meadows  interspersed  as  small  vegetative  islands  throughout  the  biome 
and  in  the  open  stands  of  timber  where  forage  species  grow  among  the 
sparse  stands  of  trees. 

Both  cattle  and  sheep  graze  these  areas,  with  cattle  generally  concen- 
trating on  the  lower  elevations  and  sheep  on  the  higher  elevations.  The 
upper  elevations  on  into  the  subalpine  and  alpine  zones  are  grazed  exclu- 
sively by  sheep.  Some  horse  use  occurs  in  connection  with  recreation 
activities  such  as  riding  and  *pack  trips,  but  this  is  relatively  minor 
overall.  Most  livestock  use  occurs  between  June  15  and  October  1. 

Over  the  years,  livestock  use  has  declined  on  the  coniferous  forests 
because  of  withdrawal  of  portions  from  grazing  for  watershed  protection 
purposes.  This  trend  could  continue. 

Human  Settlement  and  Land  Use 

Montane  Coniferous.  Most  of  white  man's  early  settlement  in  the  Montane 
subbiome  began  with  search  for  gold  and  silver.  Some  were  successful  and 
towns  sprang  up  quickly.  Many  early  mining  settlements  have  either  dis- 
appeared or  are  ghost  towns  today.  Several  counties  in  Colorado,  Idaho, 
Oregon,  and  Washington  had  the  greatest  populations  prior  to  1920  and 
have  since  decreased.  Large  national  forests  and  parks  in  the  area  have 
virtually  no  permanent  year  around  habitation. 

Forest  products,  mining,  agriculture,  and  tourism  are  major  sectors  in 
the  economy.  Lumbering  and  livestock  grazing  occur  generally  throughout 
the  biome.  Ranches  or  small  farms  usually  are  located  along  streams  or 
river  valleys  where  small  areas  may  be  cultivated.  Mining,  while  not  as 
extensive  as  lumbering  or  grazing,  occurs  in  some  locations  and  provides 
significant  income  and  employment. 
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Recreation-tourism  is  growing  rapidly  in  importance.  In  areas  with  out- 
standing resources  such  as  the  Yellowstone  Park  area  or  Aspen,  Colorado, 
tourism  is  the  mainstay  for  local  communities.  The  Montane  forest  has 
very  high  general  recreational  potential  and  is  significant  on  a national 
basis  for  this  land  use.  The  acreage  of  designated  wilderness  and  unde- 
veloped lands  is  substantial. 

Communities  tend  to  be  small  and  reflect  logging,  ranching,  or  mining 
which  may  occur  in  the  area.  Southern  portions  of  the  biome  retain,  in 
part,  the  culture  of  early  Spanish  settlement. 

Coastal  Coniferous.  Most  portions  are  rough  and  mountainous  and  the 
coastal  subbiome  is  extremely  productive  for  forestry  purposes--so  much 
so  that  lumbering  and  wood  products  industries  play  a dominant  role  in 
income  and  employment. 

The  Seattle  and  Portland  metropolitan  areas  are  located  in  a broad  valley 
extending  from  Puget  Sound  to  central  western  Oregon.  The  same  valley 
also  contains  the  bulk  of  intensive  agricultural  land  within  the  region. 
Dairying  is  a major  agricultural  use.  Low  cost  hydroelectric  power, 
abundant  water  resources,  and  ports  have  contributed  to  industrial  growth 
of  urban  areas.  Typical  settlements  such  as  those  outside  of  the  Puget 
Sound  or  the  Willamette  Valley  are  small  and  center  around  lumbering  or 
sawmilling. 

Forested  lands  and  abundant  wildlife  and  fish  resources  provide  very  sig- 
nificant recreation  potentials.  Close  proximity  to  the  Pacific  Ocean 
adds  to  recreational  diversity.  The  climate,  which  includes  long  periods 
of  rain  or  fog,  is  a limiting  factor  for  year  around  recreational  use. 

Except  for  limited  urban  areas  such  as  Valdez  and  Juneau,  settlement  in 
the  southeastern  Alaska  portion  is  much  less  developed  than  that  of  the 
lower  48. 

Taiga  Coniferous.  This  vast  region  is  virtually  uninhabited--only 
limited  settlement  occurs  outside  of  the  Anchorage  and  Fairbans  urban 
vicinities.  Remote  white  and  aboriginal  settlements  are  located  along 
major  river  drainages  and  very  limited  road  systems.  Population  growth 
has  been  rapid;  a 1970  Alaska  population  of  300,382  represents  a 33  per 
cent  increase.  This  represents,  however,  only  0.5  person  per  square  mile 
of  land  area  on  a state  basis. 

Aboriginal  peoples  in  the  subbiome  are  highly  dependent  on  fish  and  wild- 
life for  subsistence.  Modern  civilization,  e.g.,  life  styles,  firearms, 
snowmobiles,  etc.,  have  had  a tremendous  impact  on  their  culture. 

A primary  land  use  in  the  Taiga  is  the  harvesting  of  fish  and  game  by 
aboriginal  people  and,  more  recently,  by  the  whites.  The  latter  is  more 
a recreational  use  than  necessity.  Transportation  by  road  is  extremely 
limited  and  air  travel  is  used  very  extensively  in  the  interior.  Most 
areas  remain  wild,  remote,  and  inaccessible  and  represent  one  of  the 
largest  remaining  contiguous  wilderness  areas  in  the  world. 
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Mining  has  been  the  only  other  appreciable  land  use  in  the  area--gold 
mining  early  in  this  century  and  more  recently  other  minerals  and  oil 
and  gas  exploration  and  development.  Oil  on  Alaska's  North  Slope  and  a 
proposed  pipeline  through  the  Taiga  could  drastically  affect  associated 
land  uses. 

Utilization  of  the  forest  resources  is  limited  to  local  consumption  around 
urban  areas  (Anchorage-Fairbanks)  and  isolated  settlements.  Most  of  the 
forest  resources  are  noncommercial  under  current  economics  and  technology 
due  to  inaccessibility  and  limited  demand. 

The  majority  of  lands  are  presently  in  public  ownership.  Future  jurisdic- 
tion will  depend  on  relative  resource  values  and  the  interaction  of  the 
Alaska  Statehood  Act  (State  selection)  and  the  Alaska  Native  Claims 
Settlement  Act  (PL  92-203) . 

Climatic  extremes  severely  limit  human  habitation  and  land  uses.  Severe 
winter  temperatures,  short  summers,  and  wide  occurrence  of  permafrost 
dictate  a careful  evaluation  of  all  intensive  land  uses  which  may  be 
proposed . 

Aesthetics 


The  coniferous  forests  provide  what  probably  are  the  most  spectacular 
scenic  values  of  all  the  biomes.  The  land  form  varies  from  the  rounded 
foothills  of  the  Cascades  to  the  angulAr  peaks  of  the  Rockies,  from 
relatively  flat  mesas  and  basins  to  nearly  vertical  canyons. 

Textures  vary  from  the  relatively  soft  continuous  forest  canopy  of  the 
west  slopes  of  the  Cascades  to  the  broken  patches  of  trees  among  the  rocks 
at  the  higher  elevations  of  the  Montane  regions.  Colors  generally  reflect 
the  green  of  the  conifer  cover.  However,  in  the  higher  elevations,  as  the 
vegetation  becomes  more  sparse,  the  colors  of  the  exposed  rock  and  soil 
become  apparent. 

Lines  are  probably  more  obvious  in  the  natural  environment  of  the  conif- 
erous forest  biome  than  in  any  other.  There  are  many  abrupt  changes  in 
vegetation  types  caused  by  a change  in  soil,  an  avananche  path,  an  intru- 
sion of  rock,  etc.  There  may  be  lines  in  the  sharp  angular  surface  of  the 
exposed  rock. 

Scale,  though  easily  defined,  may  become  almost  overpowering  in  some 
areas.  The  overall  effect  on  people  varies  with  the  background  of  the 
individual  observer.  To  some,  mountains  are  a frightening  experience; 
to  others,  they  are  a much  desired  place  to  be.  The  wide  variety  of 
forms,  textures,  colors,  and  lines  is  what  makes  the  scenic  values  in  the 
coniferous  forest  biome  interesting,  while  vastness  of  scale  and  distance 
can  bring  an  awesome  feeling  of  isolation. 


II-99 


Geological  Human  Interest  Values 


In  the  Montane  coniferous  forest  are  found  geologically  interesting  areas 
such  as  Mount  McKinley,  the  highest  peak  in  North  America,  and  glaciers; 
features  left  by  glaciation  such  as  morains,  lakes,  U-shaped  valleys; 
erosion  features  like  canyons,  pinnacles,  peaks,  and  mudflows;  volcanic 
features  such  as  active  and  dormant  volcanoes  and  lava  flows,  eroded  ash 
beds,  dikes,  exposed  plugs,  calderas,  hot  springs,  and  geysers. 

The  Taiga  coniferous  forest  is  oriented  to  evidences  of  glacial  action. 

Such  structures  as  morains,  drumlins,  glacial  lakes,  and  other  features 
occur  along  with  features  associated  with  permafrost  and  its  actions  such 
as  pingos,  thaw  lakes,  beaded  drainages,  etc. 

The  Northwest  Coastal  Coniferous  Forest  is  edged  with  an  interesting  eroded 
coastline  of  natural  arches,  isolated  rock  islands,  sand  dunes,  and  steep 
cliffs.  The  higher  sections  contain  canyons,  volcanic  features,  caves,  and 
faulting  evidence. 


Archeological  Values 


Native  Americans  generally  did  not  live  in  the  coniferous  forests. 
Instead,  they  lived  along  water  courses  and  used  the  forests  for  hunt- 
ing and  gathering.  The  peoples  of  the  deserts  and  grasslands  used 
the  coniferous  forests  within  traveling  range. 

The  Taiga  coniferous  forest  is  fairly  synonymous  with  the  Western 
Sub-Arctic  Culture  Area.  The  early  tradition  in  this  area  is  both 
Old  Cordilleran  and  Big  Game  Hunting,  followed  by  the  Northwest  Micro- 
blade tradition  of  people  who  lived  by  hunting  caribou,  elk,  buffalo, 
and  fishing.  The  Microblade  tradition  probably  provided  the  core  for 
the  Denetasiro  tradition  which  became  the  Athabascan-speaking  Indians 
of  contact  times.  Sites  are  mostly  campsites  and  occasional  rock 
shelters  along  . streams  and  lakes  and  on  ridge  tops. 

The  northwest  coastal  coniferous  forest  was  the  home  of  the  salmon- 
fishing-oriented  Northwest  Coastal  Cultures.  Based  on  the  Old 
Cordilleran  Tradition  and  the  Northwest  Coastal  Tradition,  it  quickly 
evolved  to  become  very  distinctive  with  its  great  use  of  wood  and 
elaborate  art  work.  Village  sites  were  along  the  streams  and  con- 
sisted of  either  pit  or  surface  houses.  Occasional  rock  shelters 
and  some  campsites  are  found  away  from  the  streams. 
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5.  Tundra  Biome 


The  tundra  biome  encompasses  all  of  the  areas  north  and  west  of  the  Taiga 
forests  in  Alaska.  Basically,  this  treeless  zone  includes  the  Brooks 
Range  and  flatlands  to  the  north  as  well  as  the  Seward  Peninsula  on  to 
the  Aleutian  Island  chain.  The  extent  of  this  biome  is  mapped  in 
figure  11-25. 


While  virtually  all  of  the  tundra  region  of  northern  Alaska  is  currently 
in  Federal  ownership,  State  land  selections,  especially  in  potential  oil- 
rich  areas,  and  native  claims  surrounding  coastal  settlements  are  likely 
to  change  this  pattern  over  the  next  two  decades'.  Oil  and  gas  reserves 
and  resources  are  large  in  portions  of  this  region.  Exploration  activ- 
ities have  been  heavy  in  recent  years.  However,  environmental  problems 
related  to  field  development  and  pipeline  construction  have  delayed  pro- 
duction to  date. 

Ecological  Interrelationships 

Temperature  exerts  a powerful  limiting  effect  on  the  tundra  ecosystem 
and  relatively  few  kinds  of  organisms  have  become  successfully  adapted. 

The  permanently  frozen  subsoil  restricts  that  soil  which  is  available  for 
producing  the  living  components,  and  it  also  restricts  the  infiltration 
of  water  for  recharge  of  ground  water  and  stream  flow.  There  is  a minimum 
of  water  which  goes  through  living  plants  and  animals  and  through  the  soil 
mantle.  A large  part  of  the  water  cycle  consists  of  surface  runoff  and 
surface  storage  within  the  tundra  ecosystem. 

Solar  radiation  is  unique  in  the  tundra  as  light  is  almost  continuous 
throughout  the  short  growing  season.  It  is  intense  and  high  in  ultra- 
violet rays.  Characteristically,  cold,  desert-like,  drying  summer  winds 
produce  high  rates  of  evaporation  and  transpiration.  Thus,  water  often 
is  a critical  factor. 

Production  of  the  terrestrial  and  aquatic  ecosystems  is  dominated  by  a 
short  growing  season  of  45  to  90  days.  The  first  2 or  3 weeks  of  the 
growing  season  and  the  previous  summer  stand  reserves  are  critical  to 
the  energy  flow.  The  food  chain  is  relatively  short,  and  any  radical 
change  in  numbers  at  any  of  the  three  tophic  levels  has  violent  reper- 
cussions on  the  other  levels  because  there  is  often  little  in  the  way  of 
alternate  choice  of  food. 

Even  though  ecologically  simple,  the  tundra  ecosystem  is  extremely  deli- 
cate and  responds  dramatically  to  seemingly  minor  perturbations.  This 
response  is,  in  part,  the  result  of  increased  energy  flow  into  the  upper 
substrata  as  the  insulating  covers  of  vegetation  and  peat  are  grazed, 
physically  disrupted,  or  removed.  This  results  in  acceleration  of  thaw 
and  rapid  erosion  of  the  underlying  ice-rich  permafrost. 
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Figure  11-25.  Tundra  Biome 


ARCTIC  ALASKA  TUNDRA 


WESTERN  ALASKA 
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Tundra  ecosystems  are  a complex  mosaic  of  vegetation,  soil,  micro-relief 
and  aquatic  environments.  The  flora  and  fauna  and  scenic  attractions  are 
fairly  well  known,  but  ecosystems  have  not  been  fully  studied.  The  impacts 
of  a single  action  on  a specific  area  may  be  foreseen  but  knowledge  of 
cumulative  effects  is  lacking.  Therefore,  any  proposed  actions  must  be 
evaluated  in  terms  of  potential  rapid  deterioration  and  extremely  slow  rate 
of  recovery. 

Geology,  Landforms,  Topography  and  Soils 

As  defined,  the  tundra  biome  occurs  along  the  North  Slope  and  the  western 
coastal  areas  of  Alaska.  This  is  an  area  marked  by  complex  folding  and 
faulting. 

The  fault  system  along  the  northern  foothills  of  the  Brooks  Range  is  a 
series  of  parallel  east-west  trending  thrust  faults  with  the  mountains 
shifted  to  the  north,  causing  a belt  of  sharply  folded  anticlines  with 
the  same  east-west  trend.  These  structural  features  are  south  of  the 
known  producing  areas  around  Prudhoe  Bay.  Knowledge  of  the  earthquake 
activity  along  this  fault  system  is  limited  with  no  epicenters  being  of 
record. 

The  structural  position  of  the  Seward  Peninsula  on  the  west  coast  of 
Alaska  is  extremely  complex  and  probably  was  caused  by  the  same  crustal 
movements  that  formed  Alaska's  fault  system.  It  is  postulated  that  when 
the  Brooks  Range  shifted  to  the  north  that  the  Seward  Peninsula  land  mass 
did  not  move  but  underwent  more  intense  complex  folding  and  faulting. 

The  southwest  coast  of  Alaska  as  well  as  the  Aleutian  Island  chain  is  also 
an  area  of  extremely  complex  folding  and  faulting.  Recent  earthquake 
activity  of  slight  magnitude  has  been  recbrded  on  the  Seward  Peninsula; 
however,  there  is  no  record  of  earthquake  activity  along  the  southwest 
coast.  The  Aleutian  Islands  are  a very  active  area  with  numerous  earth- 
quakes recorded  along  the  coastline;  active  volvanoes  are  also  present 
on  several  islands.  The  entire  Aleutian  chain  would  be  termed  a volcanic 
area. 

Topography.  The  Arctic  tundra  extends  from  the  flat  coastal  areas  along 
the  Arctic  Ocean  to  the  moderate  and  steeply  sloping  mountains  with  1,000 
to  3,000  feet  of  relief  along  the  west  end  of  the  Brooks  Range.  The  Arctic 
tundra  also  is  found  along  the  west  coast  at  the  mouth  of  the  Kobuk  and 
Noatak  Rivers , which  are  flat,  open  plains  as  is  the  northwest  coast  of  the 
Seward  Peninsula.  Low  to  high  gently  sloping  hills  with  500  to  1,000  feet 
of  relief  are  the  predominant  topographic  features  of  north  and  central 
areas  of  the  Seward  Peninsula  while  the  southern  coast  has  predominantly 
low  gently  sloping  mountains  with  1,000  to  3000  feet  of  relief.  The 
steeply  sloping  mountains  along  the  west  end  of  the  Peninsula  lack  vegeta- 
tive cover,  the  tundra  being  restricted  to  a few  intermountain  valleys 
and  the  gently  sloping  hills  or  flat  areas  near  the  coast. 
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The  topography  of  the  western  tundra  varies  from  the  flat  plains  along 
the  Yukon  and  Kuskokwim  Rivers  to  the  high  moderately  sloping  mountains 
with  over  3,000  feet  of  relief  located  along  the  southwestern  coast.  In 
the  Aleutians,  topography  ranges  from  smooth,  gently  sloping  plains  along 
the  northern  coastal  areas  to  the  high  mountainous  areas;  relief  also 
varies  from  island  to  island. 

Soils . The  soils  of  the  north  slope  coastal  areas,  the  areas  around  the 
mouths  of  the  Kobuk,  Noatak,  Yukon,  and  Kuskokwim  and  other  rivers  as  well 
as  the  north  coast  of  the  Seward  Peninsula  and  north  coast  of  the 
Aleutians  are  Quaternary  sediments,  while  the  sediments  exposed  in  the 
Brooks  Range  and  on  the  Seward  Peninsula  are  mainly  of  Upper  Paleozoic  age. 
The  mountains  which  reach  the  ocean  along  the  southwest  coast  are  composed 
of  Cretaceous  age  sediments  while  the  islands  of  the  Aleutian  chain  are 
predominantly  Quaternary  and  Tertiary  age  volcanic  rocks. 

The  factors  controlling  permafrost,  as  outlined  previously  in  regard  to 
the  Taiga  forests,  also  occur  in  the  tundra  biome  but  are  much  more  sig- 
nificant. The  permafrost  zone  along  the  northern  coastal  areas  is  as  much 
as  2,000  feet  thick,  much  of  it  being  ice  rich  or  in  reality  a layer  of 
ice  with  inclusions  of  sediments.  The  permafrost  thins  to  the  south  and 
the  ice-soil  ratio  decreases;  however,  it  is  continuous  far  south  of  the 
Brooks  Range. 

Disruption  of  the  equilibrium  can  have  serious  effects  with  rapid  soil 
erosion  and  massive  slumping.  Sensitivity  to  such  damage  is  directly  pro- 
portional to  the  water  content  of  the  permafrost  soil.  Dry,  gravelly 
permafrost  soils  are  affected  little  by  disturbance  induced  thawing,  while 
wet,  silty  permafrost  soils  (called  "ice-rich")  are  very  susceptible  to 
oozing  slumpage  when  thawed. 

Minerals 

The  leaseable  minerals,  coal  and  phosphate,  are  found  primarily  in  the 
Cretaceous  and  Tertiary  sediments  on  the  north  and  south  slopes,  respec- 
tively, of  the  Brooks  Range  in  Arctic  Alaska.  North  Slope  coal  lies  in 
the  same  general  area  found  to  contain  large  oil  and  gas  reserves.  The 
Arctic  coal  ranges  from  anthracites  through  subbituminous  to  medium  and 
high  volatile  bituminous.  Sulfur  is  found  near  the  western  end  of  the 
Alaskan  Peninsula  and  is  the  result  of  volcanic  activity. 

The  locatable  minerals — gold,  copper,  platinum,  silver,  lead,  zinc,  tin, 
fluospar,  barite,  antimony,  iron,  molybdenum,  mercury,  and  tungsten — are 
to  be  found  in  the  Brooks  Range,  western  Alaska,  and  Alaskan  Peninsula  to 
Seward  Peninsula.  These  are  related  to  the  Paleozoic  sediments. 

Water 


The  major  water  resources  of  the  tundra  biome  in  northern  and  western 
Alaska  are  the  streams,  rivers,  and  many  natural  bodies  such  as  lakes. 
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ponds,  and  marshes.  Presence  of  permafrost  causes  ground  water  supplies 
to  be  limited  because  of  restrictions  to  recharge.  The  surface  waters  of 
the  tundra  biome  drain  seaward  and  empty  directly  into  the  Bering,  Chukchi, 
and  Beaufort  Seas. 

Surface  Water.  The  surface  water  resources  of  the  tundra  biome  include 
streams,  rivers,  ponds,  lakes,  marshes,  bogs,  and  swamps.  Surface  waters 
are  used  for  domestic,  municipal,  recreation,  and  fish  and  wildlife  pur- 
poses. Natural  water  bodies  such  as  lakes,  ponds,  and  marshes  are  import- 
ant to  recreation  and  fish  and  wildlife  uses. 

Average  annual  precipitation  ranges  from  less  than  10  inches  to  30  inches. 
Average  annual  runoff  varies  with  annual  precipitation.  However,  little 
is  known  about  actual  water  yields  in  the  tundra  areas.  Due  to  low  poten- 
tial evapotranspiration,  the  tundra  is  a water  surplus  area. 

The  quality  of  most  surface  waters  is  good  except  in  two  situations:  (1) 

the  sediment  content  of  glacier-fed  streams  and  rivers  is  high;  (2)  surface 
waters  that  derive  from  extensive  swamp  areas  are  usually  high  in  organic 
and  iron  content  because  the  drainage  of  such  areas  is  often  restricted 
by  impermeable  subsurface  materials,  including  permafrost. 

Ground  Water.  Little  is  known  about  the  ground  water  resources  of  the 
tundra  biome.  Generally,  in  areas  underlain  by  permafrost,  ground  water 
is  extremely  difficult  to  obtain.  The  quality  of  ground  water  varies  in 
the  tundra  areas  with  some  low  in  dissolved  solids  (less  than  200  ppm) 
while  others  are  high  in  dissolved  iron  content. 

Climate  and  Air 


The  tundra  biome  is  characterized  by  a mild  polar  climate  in  the  north  and 
a rainy  climate  with  severe  winters  in  the  south.  During  winter,  the 
Arctic  high  pressure  system  brings  a dry  cold  flow  of  air  to  the  northern 
part  of  the  biome.  At  the  same  time,  this  high  pressure  system  picks  up 
moist  air  from  the  Gulf  of  Alaska  and  deposits  it  along  the  western  coast 
of  Alaska.  In  the  summer,  a low  pressure  system  develops  off  the  west 
coast  of  Alaska  in  the  Bering  Sea  which  results  in  a flow  of  moist  air 
over  the  coastal  (except  the  north  coast)  and  interior  sections  of  Alaska, 
resulting  in  the  months  of  July,  August,  and  September  being  rather  wet. 
The  average  annual  precipitation  ranges  from  8 inches  along  the  Arctic 
coast  to  16  inches  at  Nome,  20  inches  at  Bethel,  and  60  inches  at  Kodiak. 

Temperatures  are  influenced  by  latitude  and  the  movement  of  air  in  rela- 
tionship to  the  land  mass.  In  the  north  during  January,  the  air  flow  is 
from  a cold  continental  air  mass,  causing  temperatures  to  average  10° 
below  zero.  During  this  period,  the  mean  annual  temperature  warms  pro- 
gressively to  the  south,  where  at  Kodiak  the  temperature  in  January  aver- 
ages 30°  above  zero.  Average  July  temperatures  vary  very  little — from 
40°  in  the  north  to  50°  in  the  south. 
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The  growing  season  fluctuates  with  latitude.  The  western  coast  area 
averages  about  100  days  a year.  Under  the  influence  of  prolonged  day- 
light, however,  vegetation  makes  rapid  growth. 

Vegetation 

Vegetation  in  the  tundra  biome  structurally  is  simple  and  is  dominated  by 
a single  growth  form  of  low  statured  grasses  and  sedges.  Herbaceous  and 
woody  vegetation  such  as  willows  and  birch  also  are  present  but  consist 
only  of  species  which  are  similarly  low  statured  or  even  prostrate. 

Essentially,  in  arctic  grassland,  the  tundra  is  a treeless  area  with  many 
lichens  and  mosses.  During  the  short  growing  season,  temperature  often 
is  near  the  lower  limit  of  biological  activity.  Nearly  all  plants  are 
perennial  and  annual  production  is  low.  Total  annual  increment  of  bound 
energy  into  the  ecosystem  is  small. 

A thick,  spongy  mat  of  living  and  undecayed  vegetation,  often  saturated 
with  water  and  interspersed  ponds,  characterizes  the  low  tundra  when  not 
frozen.  The  high  tundra  on  steep  slopes  may  support  only  a scanty  growth 
of  lichens  and  grasses. 

The  vegetation  of  the  tundra  forms  an  insulating  layer  which  is  critical 
to  the  stability  of  the  ecosystem.  Removal  of  vegetation  can  result  in 
degradation  of  permafrost  leading  to  erosion  and  thermokarst.  Thus,  even 
the  microstructure  of  vegetation  is  very  important. 

Animals 


Wildlife  - Terrestrial.  Due  to  low  temperatures,  short  growing  seasons, 
low  precipitation,  and  intermittent  freezing  and  thawing  of  the  thick, 
spongy  mat  of  low  tundra  vegetation,  bacterial  action  is  very  slow.  Even 
the  high  tundra  may  be  bare  except  for  scanty  growth  of  lichens  and  other 
low  plants.  Yet  many  mammals  and  birds  remain  throughout  the  year, 
including  caribou,  musk  ox,  arctic  hare,  arctic  fox,  lemming,  and  ptarmigan. 
Violent  oscillations  in  population  density  of  some  animals  are  character- 
istic, e.g.,  lemmings  and  the  dependent  owls  and  Jaegers  that  prey  on  them; 
also,  the  snowshoe  hare  and  lynx  cycles.  Other  characteristic  mammals  of 
the  arctic  slope  and  north  of  the  Brooks  Range  include  the  polar  bear, 
arctic  wolf,,  wolverine,  Alaska  red  fox,  marmots,  Parry's  ground  squirrel, 
red-backed  mouse,  several  voles,  and  shrews. 

Bird  life  is  remarkable  for  its  vast  abundance  in  the  brief  summer.  Water- 
fowl  especially  gather  in  large  numbers  to  nest  and  rear  their  young.  Few 
birds  remain  in  winter  when  even  the  snowy  owl  may  move  southward.  Willow 
ptarmigan  usually  are  present  year-round. 

An  outstanding  feature  of  the  low  tundra  community  is  the  great  number  of 
dipterans  (fly  family).  Most  hibernating  insects  withstand  temperatures 
down  to  -50°  F.  Mosquitoes,  gnats,  flies,  beetles,  bugs,  bumblebees, 
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wasps,  moth  larvae,  spiders,  and  mites  may  overwinter  in  plant  tufts  an 
under  stones  and  driftwood.  Aquatic  insects  and  larvae  either  burrow 
into  mud  or  pass  the  winter  in  the  egg  stage. 

The  uplands  are  inhabited  by  caribou  (except  in  winter),  Dali's  sheep, 
some  grizzly  bears,  marmot,  ground  squirrel,  rock  ptarmigan,  horned  lar  , 
and  lap land  longspur.  There  are  no  reptiles  and  no  known  amphibians. 

Wildlife  - Aquatic.  The  tundra  biome  lakes  and  ponds  and  bogs  do  not 
support  large  populations  of  aquatic  life  due  to  lack  of  minerals  and 
nutrients.  Resident  fish  grow  slowly  but  due  to  isolation  may  grow  to 
a large  size  because  of  age.  Characteristic  fish  are  chars,  grayling, 
and  whitefish.  The  chars  are  lake  trout  (mackinaw)  and  arctic  char.  The 
arctic  grayling  is  abundant  and  well  distributed  in  tundra  waters.  The 
sheefish  inhabits  the  major  rivers.  Anadromous  fish  that  spend  part  of 
their  life  cycle  in  tundra  streams  are  chum  and  pink  salmon.  These  fish 
enter  streams,  deposit  eggs,  and  the  hatched  fry  migrate  quickly  to  the 
ocean.  Sockeye  salmon  use  streams  with  lakes  in  headwaters.  Fry  migrate 
from  streams  and  spend  one  or  two  years  in  a lake  prior  to  sea  migration . 

Threatened  or  Endangered  Wildlife.  Endangered  species  include  the  arctic 
peregrine  falcon,  which  breeds  above  the  Arctic  Circle,  and  the  Aleutian 
Canada  goose,  which  nests  on  some  of  the  islands  in  the  Aleutian  chain. 
The  status  of  the  polar  bear,  pine  marten,  wolverine,  and  Canada  lynx  is 
undetermined.  The  musk  ox,  once  eliminated  in  Alaska,  has  been  reintro- 
duced. It  is  not  clear  whether  the  reintroduction  will  be  successful. 

Domestic  Livestock.  The  only  domestic  livestock  supported  by  the  Alaska 
tundra  are  reindeer  herds.  These- fit  the  term  "domestic"  only  in  the 
sense  that  they  are  loosely  herded  and  an  attempt  is  made  to  keep  them 
separated  from  the  wild  caribou  herds.  Reindeer  are  completely  compat- 
ible with  caribou  and  will  join  the  caribou  and  revert  to  the  wild  state 
if  allowed  to  mingle. 

Reindeer  were  introduced  to  Alaska  from  Lapland  to  provide  a reliable 
source  of  meat  for  the  Eskimos  and  make  them  less  dependent  on  wild 
species  for  food  supplies.  By  law,  only  native  Eskimos  are  permitted  to 
utilize  reindeer  on  a managed  herd  basis.  Management  and  control  are 
generally  by  family  units  and  grazing  is  year-long. 

Human  Settlement  and  Land  Use 


Harsh  conditions  of  the  tundra  biome  have  limited  settlement  to  small 
villages  along  the  coastline  and  major  rivers.  Most  inhabitants,  abor- 
iginal and  white  alike,  are  dependent  on  the  surrounding  natural  resources 
for  subsistence  or  livelihood. 

Eskimos,  who  make  up  about  one-half  of  the  State's  native  population,  live 
along  the  Bering  and  Arctic  seacoasts.  The  Aleutian  people  are  the  small- 
est native  group  and  have  traditionally  lived  along  the  Alaskan  Peninsula 
and  Aleutian  chain  of  islands. 


11-107 


The  native  Alaska  population  shows  a 27  percent  increase  from  1950-1960 
and  a 19.5  percent  increase  during  1960-1970.  Improved  health  care  has 
partially  arrested  high  infant  death  rates,  but  the  native  population 
continues  to  have  various  health  problems  above  the  national  norms. 

Fishing  and  hunting  have  historically  been  a sole  means  of  survival  for 
natives  on  the  tundra.  Incomes  and  cost  of  living  for  immigrants  or 
whites  is  very  high  compared  to  the  lower  48  states.  The  Eskimo,  trying 
to  live  according  to  higher  white  standards  on  an  Eskimo  income,  is  in  a 
serious  predicament.  Public  assistance  to  native  peoples  represents  a 
significant  portion  of  their  cash  income,  and  employment  opportunities 
are  poor.  Conflicts  between  native  culture  and  modern  society  present  a 
thorny  problem.  Many  native  peoples  wish  to  adopt  certain  aspects  of 
modern  society,  including  a higher  standard  of  living,  but  differences 
between  cultures  make  the  transition  difficult. 

Minerals  and  mining  have  been  a primary  thrust  for  exploration  and  devel- 
opment of  the  tundra  region.  Initially,  gold  discoveries  on  the  Seward 
Peninsula  resulted  in  a flurry  of  development  which  was  followed  by 
intensive  prospecting  throughout  the  region.  This  resulted  in  the  dis- 
covery and  mining  of  numerous  mineral  deposits  in  addition  to  gold.  More 
recently,  sizable  oil  and  gas  discoveries  at  Prudhoe  Bay  have  been  made. 

Tourism  is  expected  to  be  a future  important  source  of  income  which  would 
utilize  the  area's  vast  undeveloped  natural  resources  for  recreational 
purposes.  Hunting  and  fishing  are  steadily  increasing  aided  by  the  use 
of  small  aircraft  and  all-terrain  vehicles. 

The  tundra  is  unproductive  in  an  agricultural  land  use  sense  due  to 
extremely  harsh  winters  and  short  growing  seasons. 

Aesthetics 


The  land  form  in  the  tundra  biome  is  the  low  rolling,  nearly  flat  form 
common  to  the  grasslands.  The  texture  is  the  extremely  fine  soft  texture 
of  the  tundra  itself  and  almost  indistinguishable  except  at  very  close 
range. 

Color  is  the  soft  monotone  gray-green  of  the  vegetation  and  is  interrupted 
only  by  an  occasional  stream  meandering  through  on  its  way  to  the  sea,  and 
lines  are  almost  nonexistent  in  any  form.  Scale,  as  in  the  grasslands,  is 
very  difficult  to  define.  There  is  almost  nothing  vertical  to  relate  to. 

Altogether  the  tundra  does  not  hold  a great  deal  of  interest  to  the  seeker 
of  scenic  value.  Yet,  because  it  is  so  plain  and  so  much  the  same,  almost 
any  disruption  or  intrusion  immediately  becomes  the  focal  point  for  the 
observer. 
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Geological  Human  Interest  Values 


Features  of  geological  interest  are  limited  and  similar  to  those  discussed 
regarding  the  Taiga  coniferous  forest.  There  are  the  normal  effects  of 
glaciation,  coastal  erosional  features,  and  the  results  of  permafrost  and 
other  extreme  freeze  action  on  the  land  surface  such  as  pingoes,  the  small 
raised  islands  of  ice.  In  the  Aleutian  chain  are  the  evidences  of  volcanic 
construction.  Surprisingly,  there  are  two  small  deserts  along  the  Taiga  to 
tundra  transition  zone  that  are  replete  with  sand  dunes. 

Archeological  Values 

The  tundra  biome  is  basically  synonymous  with  the  Eskimo  and  Aleut  cul- 
ture areas,  or  the  Arctic  Tradition.  The  Aleuts,  linguistically  related 
to  the  Eskimo,  live  on  the  Aleutian  Island  chain.  Because  of  their 
proximity,  western  Alaska  continually  received  stimuli  from  the  Old 
World. 

There  are  evidences  of  both  the  Old  Cordilleran  Tradition  and  the  Big 
Game  Hunter  Tradition  in  earliest  Alaska.  This  was  followed  by  the 
Northwest  Microblade  Transition,  characterized  by  numerous  microblades 
struck  from  conical  cores.  The  next  tradition,  known  as  the  Arctic  Small 
Tool  Tradition,  is  characterized  by  a unique  style  in  fine  pressure- 
flaked  flint  and  small  tools.  Last  to  be  found  is  the  Eskimo  Tradition, 
which  probably  began  some  4,000  years  ago.  All  of  the  traditions  lived 
along  the  seacoast  for  the  most  part;  all  lived  by  hunting  large  sea 
animals,  catching  fish,  and  hunting  caribou  and  other  animals  inland. 

Many  of  the  better  gravel  bars  and  sand  pits  were  occupied  by  pit  and 
surface  houses  for  thousands  of  years,  each  beach  strand  frequently 
representing  a different  time  period  or  culture. 
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CHAPTER  III 


PROMULGATION  OF  LEASING  AND  OPERATING  REGULATIONS 
A.  PROPOSED  REGULATIONS 


As  stated  in  chapter  I,  the  proposed  action  involves  the  leasing  of 
federally  owned  lands  for  the  exploration  and  development  of  geothermal 
resources  pursuant  to  the  Geothermal  Steam  Act  of  1970  (complete  text 
of  Act  follows) . This  environmental  impact  statement  pertains  to  the 
promulgation  of  leasing  and  operating  regulations,  pursuant  to  which  the 
program  would  be  administered,  and  the  subsequent  leasing  of  federally 
owned  geothermal  resources  of  three  specific  areas — Clear  Lake-Geyers, 
Mono  Lake-Long  Valley,  and  Imperial  Valley,  all  in  California.  The 
presentations  included  in  this  chapter  primarily  relate  to  the  proposed 
leasing  and  operating  regulations.  However,  they  also  reflect  the 
overall  considerations  within  which  the  specific  evaluations  of  poten- 
tial environmental  impacts  are  included  in  Chapter  V for  the  three  areas 
proposed  for  leasing.  This  relationship  will  be  reflected  throughout 
both  chapters  in  terms  of  both  the  general  regulations  and  the  specifics 
for  the  individual  areas. 

Proposed  leasing  and  operating  regulations  to  implement  the  Geothermal 
Steam  Act  were  published  in  the  Federal  Register  on  July  23,  1971, 
revised  and  published  in  the  Federal  Register  on  November  29,  1972,  and 
further  revised  and  published  in  the  Federal  Register  on  July  23,  1973, 
and  corrected  in  the  Federal  Register  of  August  8,  1973.  Proposed  unit 
plan  regulations  were  published  in  the  Federal  Register  on  May  3,  1972, 
revised  and  published  in  the  Federal  Register  on  November  29,  1972,  and 
as  further  revised  and  published  in  the  Federal  Register  on  July  23, 
1973,  These  regulations  provide  a framework  for  leasing,  exploration, 
development,  and  utilization  of  geothermal  resources  on  public  lands, 
consistent  with  multiple-use  management  objectives. 

The  correlate  text  of  the  July  23,  1973,  regulations  are  included  in 
this  section  and  in  Volume  III,  Appendices  A and  B.  Copies  of  the 
earlier  proposed  regulations  and  related  comments  are  included  in 
Volume  III,  Appendices  C,  D,  and  E. 
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Public  Law  91-581 
91st  Congress,  S,  368 
December  24,  1970 

3n  3ct  _ 

To  authorize  the  Secretary  of  the  Interior  to  make  disposition  of  geothermal 
steam  and  associated  geothermal  resources,  and  for  other  purposes. 

lie  it  enacted  by  the  Senate  and  House  of  Representatives  of  the 
United  States  of  America  in  Congress  assembled.  That  this  Act  may 
be  cited  as  the  “Geothermal  Steam  Act  of  1970”. 

Sec.  2.  As  used  in  this  Act,  the.  term — 

(a)  “Secretary”  means  the  Secretary  of  the  Interior; 

(b)  “geothermal  lease”  means  a lease  issued  under  authority  of 
this  Act; 

(c)  “geothermal  steam  and  associated  geothermal  resources” 
means  (i)  all  products  of  geothermal  processes,  embracing 
indigenous  steam,  hot  water  and  hot  brines;  (ii)  steam  and  other 
gases,  hot  water  and  hot  brines  resulting  from  water,  gas,  or  other 
fluids  artificially  introduced  into  geothermal  formations;  (iii) 
heat  or  other  associated  energy  found  in  geothermal  formations; 
and  ( iv)  any  byproduct  derived  from  them; 

(d)  “byproduct”  means  any  mineral  or  minerals  (exclusive  of 
oil,  hydrocarbon  gas,  and  helium)  which  are  found  in  solution  or 
in  association  with  geothermal  steam  and  which  have  a value  of 
less  than  75  per  centum  of  the  value  of  the  geothermal  steam  or 
are  not,  because  of  quantity,  quality,  or  technical  difficulties  in 
extraction  and  production,  of  sufficient  value  to  warrant  extraction 
and  production  by  themselves; 

(e)  “known  geothermal  resources  area"  means  an  area  in  which 
the  geology,  nearby  discoveries,  competitive  interests,  or  other 
indicia  would,  in  the  opinion  of  the  Secretary,  engender  a belief  in 
men  who  are  experienced  in  the  subject  matter  that  the  prospects 
for  extraction  of  geothermal  steam  or  associated  geothermal 
resources  are  good  enough  to  warrant  expenditures  of  money  for 
that  purpose. 

Sec.  .*1.  Subject  to  the  provisions  of  section  15  of  this  Act,  the  Secre- 
tary of  the  Interior  may  issue  leascs^for  the  development  and  utiliza- 
tion of  geothermal  steam  and  associated  geothermal  resources  (1)  in 
lands  administered  by  him,  including  public,  withdrawn,  and  acquired 
landSj  (2)  in  any  national  forest  or  other  lands  administered  by  the 
Department  of  Agriculture  through  the  Forest  Service,  including  pub- 
lic, withdrawn,  and  acquired  lands,  and  (3)  in  lands  which  have  been 
conveyed  by  the  United  States  subject  to  a reservation  to  the  United 
States  of  the  geothermal  steam  and  associated  geothermal  resources 
therein. 

Sec.  4.  If  lands  to  be  leased  under  this  Act  are  within  any  known 
geothermal  resources  area,  they  shall  be  leased  to  the  highest  respon- 
sible qualified  bidder  by  competitive  bidding  under  regulations  formu- 
lated oy  the  Secretary.  If  tne  lands  to  be  leased  are  not  within  any 
known  geothermal  resources  area,  the  qualified  person  first  making 
application  for  the  lease  shall  be  entitled  to  a lease  of  such  lands  with- 
out competitive  bidding.  Notwithstanding  the  foregoing,  at  any  time 
within  one  hundred  ana  eighty  days  following  the  effective  date  of  this 
Act : 

(a)  with  respect  to  all  lands  which  were  on  September  7, 1965, 
subject  to  valid  leases  or  permits  issued  under  the  Mineral  Leasing 
Act  of  February  25,  1920,  as  amended  (30  U.S.C.  181  et  seq.),  or 
under  the  Mineral  Leasing  Act  of  Acquired  Lands,  as  amended 
(30  U.S.C.  351,  358),  or  to  existing  mining  claims  located  on  or 
prior  to  September  7?  1965,  the  lessees  or  permittees  or  claimants 
or  their  successors  in  interest  who  are  qualified  to  hold  geothermal 
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leases  shall  have  (he  right  to  convert  such  leases  or  permits  or 
claims  to  geothermal  leases  covering  the  same  lands; 

(b)  where  there  are  conflicting  claims,  leases,  or  permits  there- 
for embracing  the  same  land,  the  person  who  first  was  issued  a 
lease  or  permit,  or  who  first  recorded  the  mining  claim  shall  be 
entitled  to  first  consideration; 

(c)  with  respect  to  all  lands  which  were  on  September  7,  1965, 
the  subject  of  applications  for  leases  or  permits  under  the  above 
Acts,  the  applicants  may  convert  their  applications  to  applications 
for  geothermal  leases  having  priorities  dating  from  the  time  of 
filing  of  such  applications  under  such  Acts; 

(a)  no  person  shall  be  permitted  to  convert  mineral  leases, 
permits,  applications  therefor,  or  mining  claims  for  more  than 
10,240  acres;  and 

(e)  the  conversion  of  leases,  permits,  and  mining  claims  and 
applications  for  leases  and  permits  shall  be  accomplished  in 
accordance  with  regulations  prescribed  by  the  Secretary.  Xo  right 
to  conversion  to  a geothermal  lease  shall  accrue  to  any  person 
under  this  section  unless  such  person  shows  to  the  reasonable  satis- 
faction of  the  Secretary  that  substantial  expenditures  for  the 
exploration, development,  or  production  of  geothermal  steam  have 
been  made  by  the  applicant  who  is  seeking  conversion,  on  the  lands 
for  which  a lease  is  sought  or  on  adjoining,  adjacent,  or  nearby 
Federal  or  non-Federal  lands. 

(f)  with  respect  to  lands  within  any  known  geothermal 
resources  area  and  which  arc  subject  to  a right  to  conversion  to 
a geothermal  lease,  such  lands  shall  be  leased  by  competitive 
bidding:  Provided.  That,  the  competitive  geothermal  lease  shall 
be  issued  to  the  person  owning  the  right  to  conversion  to  a 
geothermal  lease  if  he  makes  payment  of  an  amount  eoual  to  the 
highest  bona  fide  bid  for  the  competitive  geothermal  lease,  plus 
the  rental  for  the  first  year,  within  thirty  days  after  he  receives 
written  notice  from  the  Secretary  of  the  amount  of  the  highest 
bid. 

Sec.  5.  Geothermal  leases  shall  provide  for — 

(a)  *a  royalty  of  not  less  than  10  per  centum  or  more  than  15 
per  centum  of  the  amount  or  value  of  steam,  or  any  other  form  of 
heat  or  energy  derived  from  production  under  the  lease  and  sold 
or  utilized  by  the  lessee  or  reasonably  susceptible  to  sale  or 
utilization  by  the  lessee; 

(b)  a royalty  of  not  more  than  5 per  centum  of  the  value  of  any 
byproduct  derived  from  production  under  the  lease  and  sold 
or  utilized  or  reasonably  susceptible  of  sale  or  utilization  by  the 
lessee,  except  that  as  to  any  byproduct  which  is  a mineral  named 
in  section  1 of  the  Mineral  Leasing  Act  of  February  25,  1920,  as 
amended  (30  U.S.C.  181),  the  rate  of  royalty  for  such  mineral 
shall  be  the  same  as  that  provided  in  that  Act  and  the  maximum 
rate  of  royalty  for  such  mineral  shall  not  exceed  the  maximum 
royalty  applicable  under  that  Act; 

(c)  payment  in  advance  of  an  annual  rental  of  not  less  than  $1 
per  acre  or  fraction  thereof  for  each  year  of  the  lease.  If  there  is  no 
well  on  the  leased  lands  capable  of  producing  geothermal  resources 
in  commercial  quantities,  the  failure  to  pay  rental  on  or  before  the 
anniversary  date  shall  terminate  the  lease  by  operation  of  law: 
Provided,  however.  That  whenever  the  Secretary  discovers  that 
the  rental  payment  due  under  a lease  is  paid  timely  but  the  amount 
of  the  payment  is  deficient  because  of  an  error  or  other  reason  and 
the  deficiency  is  nominal,  as  determined  bv  the  Secretary  pursuant 
to  regulations  prescribed  by  him,  he  shall  notify  the  lessee  of  the 
deficiency  and  such  lease  shall  not  automatically  terminate  unless 
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the  lessee  fails  to  pay  the  deficiency  within  the  period  prescribed 
in  the.  notice:  Provided  further , That,  where  any  lease  has  been 
terminated  automatically  by  operation  of  law  under  this  section 
for  failure  to  pay  rental  timely  and  it  is  shown  to  the  satisfaction 
of  the  Secretary  of  the  Interior  that  the  failure  to  pay  timely  the 
lease,  rental  was  justifiable  or  not  due  to  a lack  of  reasonable  dili- 
gence, lie  in  his  judgment  may  reinstate  the  lease  if — 

(1)  a petition  for  reinstatement,  together  with  the  required 
rental,  is  tiled  with  the  Secretary  of  the  Interior;  and 

(2)  no  valid  lease  has  been  issued  affecting  any  of  the 
lands  in  the  terminated  lease  prior  to  the  tiling  of  the  petition 
for  reinstatement ; and 

(d)  a minimum  royalty  of  $2  per  acre  or  fraction  thereof  in  lieu 
of  rental  payable  at  the  expiration  of  each  lease  year  for  each  pro- 
ducing lease,  commencing  with  the  lease  year  beginning  on  or  after 
the  commencement  of  production  in  commercial  quantities.  For 
the  purpose  of  determining  royalties  hereunder  the  value  of  any 
geothermal  steam  and  byproduct  used  by  the  lessee  and  not  sold 
and  reasonably  susceptible  of  sale  shall  be  determined  by  the 
Secretary,  who  shall  take  into  consideration  the  cost  of  exploration 
and  production  and  the  economic  value  of  the  resource  in  terms  of 
its  ultimate  utilization. 

Sec.  6.  (a)  Geothermal  leases  shall  be  for  a primary  term  of  ten 
years.  If  geothermal  steam  is  produced  or  utilized  in  commercial 
quantities  within  this  term,  such  lease  shall  continue  for  so  long  there- 
after as  geothermal  steam  is  produced  or  utilized  in  commercial  quan- 
tities, but  such  continuation  shall  not  exceed  an  additional  forty  years. 

(b)  If,  at  the  end  of  such  forty  years,  steam  is  produced  or  utilized 
in  commercial  quantities  and  the  lands  arc  not  needed  for  other  pur- 
poses, the  lessee  shall  have  a preferential  right  to  a renewal  of  such 
lease  for  a second  forty-year  term  in  accordance  with  such  terms  and 
conditions  as  the  Secretary  deems  appropriate. 

(c)  Any  lease  for  land  on  which,  or  for  which  under  an  approved 
cooperative  or  unit  plan  of  development  or  operation,  actual  drilling 
operations  were  commenced  prior  to  the  end  of  its  primary  term  and 
are  being  diligently  prosecuted  at  that  time  shall  be  extended  for  five 
years  and  so  long  thereafter,  but  not  more  than  thirty-five  years,  as 
geothermal  steam  is  produced  or  utilized  in  commercial  quantities.  If, 
at  the  end  of  such  extended  term,  steam  is  being  produced  or  utilized 
in  commercial  quantities  and  the  lands  are  not  needed  for  other  pur- 
poses, the  lessee  shall  have  a preferential  right  to  a renewal  of  such 
lease  for  a second  term  in  accordance  with  such  terms  and  conditions  as 
the  Secretary  deems  appropriate. 

(d)  For  purposes  of  subsection  (a)  of  this  section,  production  or 
utilization  of  geothermal  steam  in  commercial  quantities  shall  be 
deemed  to  include  the  completion  of  one  or  more  wells  producing  or 
capable  of  producing  geothermal  steam  in  commercial  quantities  and 
a bona  fide  sale  of  such  geothermal  steam  for  delivery  to  or  utilization 
by  a facility  or  facilities  not  yet  installed  but  scheduled  for  installation 
not  later  than  fifteen  years  from  the  date  of  commencement  of  the 
primary  term  of  the  lease. 

(e)  Leases  which  have  extended  by  reasons  of  production,  or  which 
have  produced  geothermal  steam,  and  have  been  determined  by  the 
Secretary  to  be  incapable  of  further  commercial  production  and  utili- 
zation of  geothermal  steam  mav  be  further  extended  for  a period  of 
not  more  than  five  years  from  the  date  of  such  determination  but  only 
for  so  long  ns  one  or' more  valuable  byproducts  are  produced  in  com- 
mercial quantities.  If  such  byproducts  are  leasable  under  the  Mineral 
Leasing  Act  of  February  25, 1920,  as  amended  (30  U.S.C.  181,  et  seq.), 
or  under  the  Mineral  Leasing  Act  for  Acquired  Lands  (30  U.S.C. 
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351-358),  and  the  leasehold  is  primarily  valuable  for  the  production 
thereof,  the  lessee  shall  be  entitled  to  convert  his  geothermal  lease  to  a 
mineral  lease  under,  and  subject  to  all  the  terms  and  conditions  of,  such 
appropriate  Act.  upon  application  at  any  time  before  expiration  of 
the  lease  extension  by  reason  of  byproduct  production.  The  lessee  shall 
be  entitled  to  locate  under  the  mining  laws  all  minerals  which  are  not 
leasable  and  which  would  constitute  a byproduct  if  commercial  pro- 
duction or  utilization  of  geothermal  steam  continued.  The  lessee  in 
order  to  acquire  the  rights  herein  granted  him  shall  complete  the  loca- 
tion of  mineral  claims  within  ninety  days  after  the  termination  of  the 
lease  for  geothermal  steam.  Any  such  converted  lease  or  the  surface  of 
any  mining  claim  located  for  geothermal  byproducts  mineral  affecting 
lands  withdrawn  or  acquired  in  aid  of  a function  of  a Federal  depart- 
ment or  agency,  including  the  Department  of  the  Interior,  shall  be 
subject  to  such  additional  terms  and  conditions  as  may  be  prescribed 
by  such  department  or  agency  with  respect  to  the  additional  operations 
or  effects  resulting  from  such  conversion  upon  adequate  utilization  of 
the  lands  for  the  purpose  for  which  they  are  administered. 

(f)  Minerals  locatable  under  the  mining  laws  of  the  United  States 
in  lands  subject  to  a geothermal  lease  issued  under  the  provisions  of 
this  Act  which  are  not  associated  with  the  geothermal  steam  and  asso- 
ciated geothermal  resources  of  such  lands  as  defined  in  section  2(c) 
herein  shall  be  locatable  under  said  mining  laws  in  accordance  with 
the  principles  of  the  Multiple  Mineral  Development  Act  (68  Stat.  708; 
found  in  30  U.S.C.  521  etseq.). 

Sf.c.  7.  A geothermal  lease  shall  embrace  a reasonably  compact  area 
of  not  more  than  two  thousand  five  hundred  and  sixty  acres,  except 
where  a departure  therefrom  is  occasioned  by  an  irregular  subdivision 
or  subdivisions.  No  person,  association,  or  corporation,  except  as  other- 
wise provided  in  this  Act,  shall  take,  hold,  own,  or  control  at  one  time, 
whether  acquired  directly  from  the  Secretary  under  this  Act  or  other- 
wise, any  direct  or  indirect  interest  in  Federal  geothermal  leases  in 
any  one  State  exceeding  twenty  thousand  four  hundred  and  eighty 
acres,  including  leases  acquired  under  the  provisions  of  section  4 of 
this  Act. 

At  any  time  after  fifteen  years  from  the  effective  date  of  this  Act 
the  Secretary,  after  public  hearings,  may  increase  this  maximum  hold- 
ing in  any  one  State  by  regulation,  not  to  exceed  fifty-one  thousand 
two  hundred  acres. 

Sec.  8.  (a).  The  Secretary  may  readjust  the  terms  and  conditions, 
except  as  otherwise  provided  herein,  of  any  geothermal  lease  issued 
under  this  Act  at  not  less  than  ten-year  intervals  beginning  ten  years 
after  the  date  the  geothermal  steam  is  produced,  as  determined  by  the 
Secretary.  Each  geothermal  lease  issued  under  this  Act  shall  provide 
for  such  readjustment.  The  Secretary  shall  give  notice  of  any  proposed 
readjustment  of  terms  and  conditions,  and,  unless  the  lessee  files  with 
the  Secretary  objection  to  the  proposed  terms  or  relinquishes  the  lease 
within  thirty  days  after  receipt  of  such  notice,  the  lessee  shall  con- 
clusively be  deemed  to  have  agreed  with  such  terms  and  conditions. 
If  the  lessee  files  objections,  and  no  agreement  can  be  reached  between 
the  Secretary  and  tho  lessee  within  a period  of  not  less  than  sixty  days, 
the  lease  may  be  terminated  by  either  party. 

(b)  The  Secretary  may  readjust  the  rentals  and  royalties  of  any 
geothermal  lease  issued  under  this  Act  at  not  less  than  twenty-year 
intervals  beginning  thirty-five  years  after  the  date  geothermal  steam  is 
produced,  as  determined  by  the  Secretary.  In  the  event  of  any  such 
readjustment  neither  the  rental  nor  royalty  may  be  increased  by  more 
than  50  per  centum  over  the  rental  or  royalty  paid  during  the  pre- 
ceding period,  and  in  no  event  shall  the  royalty  payable  exceed  22  V> 
per  centum.  Each  geothermal  lease  issue  under  this  Act  shall  provide 
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for  such  readjustment.  The  Secretary  shall  give  notice  of  any  proposed 
readjustment  of  rentals  and  royalties,  and,  unless  the  lessee  files  with 
the  Secretary  objection  to  the  proposed  rentals  and  royalties  or  relin- 
quishes the  lease  within  thirty  days  after  receipt  of  such  notice,  the 
lessee  shall  conclusively  he  deemed  to  have  agreed  with  such  terms 
and  conditions.  If  the  lessee  files  objections,  and  no  agreement  can  be 
reached  between  the  Secretary  and  the  lessee  within  a period  of  not 
less  than  sixty  days,  the  lease  may  be  terminated  by  either  party. 

(c)  Any  readjustment  of  the  terms  and  conditions  as  to  use,  protec- 
tion, or  restoration  of  the  surface  of  any  lease  of  lands  withdrawn 
or  acquired  in  aid  of  a function  of  a Federal  department  or  agency 
other  than  the  Department  of  the  Interior  may  he  made  only  upon 
notice  to,  and  with  the  approval  of,  such  department  or  agency. 

Sue.  0.  If  the  production,  use.  or  conversion  of  geothermal  steam  is 
susceptible  of  producing  a valuable  byproduct  or  bvproduets,  including 
commercially  demineralized  water 'for  Inmefieinf  uses  in  accordance 
with  applicable  State  water  laws,  the  Secretary  shall  require  substan- 
tial beneficial  production  or  use  thereof  unless,  in  individual  circum- 
stances be  modifies  or  waives  this  requirement  in  the  interest  of 
conservation  of  natural  resources  or  for  other  reasons  satisfactory  to 
him.  However,  the  production  or  use  of  such  byproducts  shall  lx*,  sub- 
ject to  the  rights  of  the  holders  of  preexisting  le'ases,  claims,  or  permits 
covering  the  same  land  or  the  same  minerals,  if  any. 

Sec.  10.  The  holder  of  any  geothermal  lease  nt  any  time  may  make 
and  file  in  the  appropriate  land  office  a written  relinquishment  of  all 
rights  under  suen  lease  or  of  any  legal  subdivision  of  the  nrca  covered 
by  such  lease.  Such  relinquishment  shall  bo  effective  as  of  the  date  of 
its  filing.  Thereupon  the  lessee  shall  he  released  of  all  obligations  there- 
after accruing  under  said  lease  with  respect  to  the  lands  relinquished, 
hut  no  such  relinquishment  shall  release  such  lessee,  or  his  surety  or 
bond,  from  any  liability  for  breach  of  any  obligation  of  the  lease,  other 
than  an  obligation  to  drill,  accrued  at  the  date  of  the  relinquishment, 
or  from  the  continued  obligation,  in  accordance  with  the  applicable 
lease  terms  and  regulations,  ( 1 ) to  make  payment  of  all  accrued  rentals 
and  royalties,  (2)  to  place  all  wells  on  the  relinquished  lands  in  condi- 
tion for  suspension  or  abandonment,  and  (3)  to  protect  or  restore  sub- 
stantially tne  surface  and  surface  resources. 

Sec.  11.  The  Secretary,  upon  application  by  the  lessee,  may  authorize 
the  lessee  to  suspend  operations  and  production  on  a producing  lease 
and  he  may,  on  his  own  motion,  in  the  interest  of  conservation  suspend 
operations  on  any  lease  but  in  either  case  he  may  extend  the  lease  term 
for  the  period  of'any  suspension,  and  he  may  waive,  suspend,  or  reduce 
the  rental  or  royalty  required  in  such  lease. 

Sec.  12.  Leases  may  be  terminated  by  the  Secretary  for  any  violation 
of  the  regulations  or  lease  terms  after  thirty  days  notice  provided  that 
such  violation  is  not  corrected  within  the  notice  period,  or  in  the  event 
the  violation  is  such  that  it  cannot  be  corrected  within  the  notice  period 
then  provided  that  lessee  has  not  commenced  in  good  fnith  within  said 
notice  period  to  correct  such  violation  and  thereafter  to  proceed  dili- 
gently to  correct  such  violation.  Lessee  shall  be  entitled  to  a hearing  on 
the  matter  of  such  claimed  violation  or  proposed  termination  of  lease 
if  request  for  a hearing  is  made  to  the  Secretary  within  the  thirty-day 
period  after  notice.  The  period  for  correction  of  violation  or  com- 
mencement to  correct  such  violation  of  regulations  or  of  lease  terms,  os 
aforesaid,  shall  be  extended  to  thirty  days  after  the  Secretary's  deci- 
sion after  such  hearing  if  the  Secretary  shall  find  that  a violation 
exists. 

Sec.  13.  The  Secretary  may  waive,  suspend,  or  reduce  the  rental  or 
royalty  for  any  lease  or  portion  thereof  in  the  interests  of  conserva- 
tion and  to  encourage  the  greatest  ultimate  recovery  of  geothermal 
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resources,  if  he  determines  that  this  is  necessary  to  promote  develop- 
ment or  that  the  lease  cannot  be  successfully  operated  under  the  lease 
terms. 

Skc.  14.  Subject  to  the  other  provisions  of  this  Act,  a lessee  shall  be 
entitled  to  use  so  much  of  the  surface  of  the  land  covered  by  his  geo- 
thermal lease  as  may  be  found  by  the  Secretary  to  be  necessary  for 
the  production,  utilization,  and  conservation  of  geothermal  resources. 

Sec.  15.  (a)  Geothermal  leases  for  lands  withdrawn  or  acquired  in 
aid  of  functions  of  the  Department  of  the  Interior  may  be  issued  only 
under  such  terms  and  conditions  as  the  Secretary  may  prescribe  to 
insure  adequate  utilization  of  the  lands  for  the  purposes  for  which  they 
were  withdrawn  or  acquired. 

(b)  Geothermal  leases  for  lands  withdrawn  or  acquired  in  aid  of 
functions  of  the  Department  of  Agriculture  may  be  issued  only  with 
the  consent  of,  and  subject  to  such  terms  and  conditions  as  may  be 
prescribed  by,  the  head  of  that  Department  to  insure  adequate  utiliza- 
tion of  the  lands  for  the  purposes  for  which  they  were  withdrawn  or 
acquired.  Geothermal  leases  for  lands  to  which  section  24  of  the  Federal 
Power  Act,  as  amended  (16  U.S.C.  818),  is  applicable,  may  be  issued 
only  with  the  consent  of,  and  subject  to,  such  terms  and  conditions  as 
the*  Federal  Power  Commission  may  prescribe  to  insure  adequate 
utilization  of  such,  lands  for  power  ana  related  purposes. 

(c)  Geothermal  leases  under  this  Act  shall  not  be  issued  for  lands 
administered  in  accordance  with  (1)  the  Act  of  August  25,  1916  (39 
Stat.  535),  ns  amended  or  supplemented,  (2)  for  lands  within  a national 
recreation  area,  (3)  for  lands  in  a fish  hatchery  administered  by  the 
Secretary,  wildlife  refuge,  wildlife  range,  game  range,  wildlife  man- 
agement area,  waterfowl  production  area,  or  for  lands  acquired  or 
reserved  for  the  protection  and  conservation  of  fish  and  wildlife  that 
are  threatened  with  extinction,  (4)  for  tribally  or  individually  owned 
Indian  trust  or  restricted  lands,  within  Or  without  the  boundaries  of 
Indian  reservations. 

Sec.  16.  Leases  under  this  Act  may  be  issued  only  to  citizens  of  the 
United  States,  associations  of  such  citizens,  corporations  organized 
under  the  laws  of  the  United  States  or  of  any  State  or  the  District 
of  Columbia,  or  governmental  units,  including,  without  limitation, 
municipalities. 

Sec.  17.  Administration  of  this  Act  shall  be  under  the  principles  of 
multiple  use  of  lands  and  resources,  and  geothermal  leases  shall,  insofar 
as  feasible,  allow  for  coexistence  of  other  leases  of  the  same  lands  for 
deposits  of  minerals  under  the  laws  applicable  to  them,  for  the  location 
and  production  of  claims  under  the  mining  laws,  and  for  other  uses  of 
the  areas  covered  by  them.  Operations  under  such  other  leases  or  for 
such  other  uses,  however,  shall  not  unreasonably  interfere  with  or 
endanger  operations  under  any  lease  issued  pursuant  to  this  Act.  nor 
shall  operations  under  leases  so  issued  unreasonably  interfere  with  or 
endanger  operations  under  any  lense,  license,  claim,  or  permit  issued 
pursuant  to  the  provisions  of  any  other  Act. 

Sec.  18.  For  the  purpose  of  properly  conserving  the  natural  resources 
of  any  geothermal  pool,  field,  or  like  area,  or  any  part  thereof,  lessees 
thereof  and  their  representatives  may  unite  with  each  other,  or  jointly 
or  separately  with  others,  in  collectively  adopting  and  operating  under 
a cooperative  or  unit  plan  of  development  or  operation  of  such  pool, 
field,  or  like  area,  or  any  part  thereof,  whenever  this  is  determined  and 
certified  by  the  Secretary  to  be  necessary  or  advisable  in  the  public 
interest.  The.  Secretary  mav  in  his  discretion  and  with  the  consent  of 
the  holders  of  leases  involved,  establish,  alter,  change,  revoke,  and 
make  such  regulations  with  reference  to  such  leases  in  connection  with 
the  institution  and  operation  of  any  such  cooperative  or  unit  plan  as 
he  may  deem  necessary  or  proper  to  secure  reasonable  protection  of  the 
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public  interest,  lie  may  include  in  geothermal  leases  a provision  requir- 
ing the  lessee  to  operate  under  such  a reasonable  cooperative  or  unit 
plan,  and  he  may  prescribe  such  a plan  under  which  such  lessee  shall 
operate,  which  shall  adequately  protect  the  rights  of  all  parties  in 
interest,  including  the  United  States.  Any  such  plan  may,  in  tnc  discre- 
tion of  the  Secretary,  provide  for  vesting  in  the  Secretary  or  any  other 
person,  committee,  or  Federal  or  State  agency  designated  therein, 
authority  to  alter  or  modify  from  time  to  time  the  rate  of  prospecting 
and  development  and  the  quantity  and  rate  of  production  under  such 
plan.  All  leases  operated  under  any  such  plan  approved  or  prescribed 
by  the  Secretary  shall  be  excepted  in  determining  holdings  or  control 
for  the  purposes  of  section  7 of  this  Act. 

When  separate  tracts  cannot  be  independently  developed  and  oper- 
ated in  conformity  with  an  established  well-spacing  or  development 
program,  any  lease,  or  a portion  thereof,  may  be  pooled  with  other 
lands,  whether  or  not  owned  by  the  United  States,  under  a eommuniti- 
zation  or  drilling  agreement  providing  for  an  apportionment  of  pro- 
duction or  royalties  among  the  separate  tracts  of  land  comprising  the 
drilling  or  spacing  unit  when  determined  by  the  Secretary  to  be  in  the 
public,  interest,  and  operations  or  production  pursuant  to  such  an  agree- 
ment shall  be  deemed  to  be  operations  or  production  as  to  each  lease 
committed  thereto. 

The  Secretary  is  hereby  authorized,  on  such  conditions  as  he  may 
prescribe,  to  approve  operating,  drilling,  or  development  contracts 
made  by  one  or  more  lessees  of  geothermal  leases,  with  one  or  more 
persons,  associations,  or  corporations  whenever,  in  his  discretion,  the 
conservation  of  natural  products  or  the  public  convenience  or  necessity 
may  require  or  the  interests  of  the  United  States  may  be  best  served 
thereby.  All  leases  operated  under  such  approved  operating,  drilling, 
or  development  contracts,  and  interests  thereunder,  shall  be  excepted 
in  determining  holdings  or  control  under  section  7 of  this  Act. 

Sec.  19.  Upon  request  of  the  Secretary,  other  Federal  departments 
and  agencies  shall  furnish  him  with  any  relevant  data  then  in  their 
possession  or  knowledge  concerning  or  having  bearing  upon  fair  and 
adequate  charges  to  be  made  for  geothermal  steam  produced  or  to  be 
produced  for  conversion  to  electric  power  or  other  purposes.  Data 
given  to  any  department  or  agency  as  confidential  under  law  shall  not 
be  furnished  in  any  fashion  which  identifies  or  tends  to  identify  the 
business  entity  whose  activities  are  the  subject  of  such  data  or  the  per- 
son or  persons  who  furnished  such  information. 

Sec.  20.  All  moneys  received  under  this  Act  from  public  lands 
under  the  jurisdiction  of  the  Secretary  shall  be  disposed  of  in  the  same 
manner  as  moneys  received  from  the  sale  of  public  lands.  Moneys 
received  under  this  Act  from  other  lands  shall  be  disposed  of  in  the 
same  manner  as  other  receipts  from  such  lands. 

Sec.  21.  (a)  Within  one  hundred  and  twenty  da  vs  after  the  effective 
date  of  this  Act,  the  Secretary  shall  cause  to  be  published  in  the 
Federal  Register  a determination  of  all  lands  which  were  included 
within  any  known  geothermal  resources  area  on  the  effective  date  of 
the  Act.  lie  shall  likewise  publish  in  the  Federal  Register  from  time 
to  time  his  determination  of  other  known  geothermal  resources  areas 
specifying  in  each  case  the  date  the  lands  were  included  in  such  area; 
and 

(b)  Geothermal  resources  in  lands  the  surface  of  which  has  passed 
from  Federal  ownership  but  in  which  the  minerals  have  been  reserved 
to  the  United  States  shall  not  be  developed  or  produced  except  under 
geothermal  leases  made  pursuant  to  this  Act.  If  the  Secretary  of  the 
Interior  finds  that  such  development  is  imminent,  or  that  production 
from  a well  heretofore  drilled  on  such  lands  is  imminent,  ne  shall  so 
report  to  the  Attorney  General,  and  the  Attorney  General  is  authorized 
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and  directed  to  institute  an  appropriate  proceeding  in  the  United 
States  district  court  of  the  district  in  which  such  lands  are  located,  to 
quiet  the  title  of  the  United  States  in  such  resources,  and  if  the  court 
determines  that  the  reservation  of  minerals  to  the  United  States  in 
the  lands  involved  included  the  geothermal  resources,  to  enjoin  their 
production  otherwise  than  under  the  terms  of  this  Act:  Provided , 
That  upon  an  authoritative  judicial  determination  that  Federal  min- 
eral reservation  does  not  include  geothermal  steam  and  associated 
geothermal  resources  the  duties  of  the  Secretary  of  the  Interior  to 
report  and  of  the  Attorney  General  to  institute  proceedings,  as  here- 
inbefore set  forth,  shall  cease. 

Sec.  *22.  Nothing  in  this  Act  shall  constitute  an  express  or  implied 
claim  or  denial  on  the  part  of  the  Federal  Government  as  to  its 
exemption  from  State  water  laws. 

Sec.  23.  (a)  All  leases  under  this  Act  shall  be  subject  to  the  condi- 
tion that  the  lessee  will,  in  conducting  his  exploration,  development, 
and  producing  operations,  use  all  reasonable  precautions  to  prevent 
waste  of  geothermal  steam  and  associated  geothermal  resources 
developed  in  the  lands  leased. 

(b)  Rights  to  develop  and  utilize  geothermal  steam  and  associated 
geothermal  resources  underlying  lands  owned  by  the  United  States 
may  be  acquired  solely  in  accordance  with  the  provisions  of  this  Act. 

Sec.  24.  The  Secretary  shall  prescribe  such  rules  and  regulations  as 
he  may  deem  appropriate  to  carry  out  the  provisions  of  this  Act.  Such 
regulations  may  include,  without  limitation,  provisions  for  (a)  the 
prevention  of  waste,  (b)  development  and  conservation  of  geothermal 
and  other  natural  resources,  (c)  the  protection  of  the  public  interest, 
(d)  assignment,  segregation,  extension  of  terms,  relinquishment  of 
leases,  development  contracts,  unitization,  pooling,  and  drilling  agree- 
ments, (e)  compensatory  royalty  agreements,  suspension  of  operations 
or  production,  and  suspension  or  reduction  of  rentals  or  royalties, 
(f)  the  filing  of  surety  bonds  to  assure  compliance  with  the  terms  of 
the  lease  and  to  protect  surface  use  and  resources,  (g)  use  of  the  sur- 
face by  a lessee  of  the  lands  embraced  in  his  lease,  (h)  the  maintenance 
by  the  lessee  of  an  active  development  program,  and  (i)  protection  of 
water  quality  and  other  environmental  qualities. 

Sec.  25.  As  to  any  land  subject  to  geothermal  leasing  under  section 
3 of  this  Act,  all  laws  which  either  (a  j provide  for  the  disposal  of  land 
by  patent  or  other  form  of  conveyance  or  by  grant  or  by  operation  of 
law  subject  to  a reservation  of  any  mineral  or  (b)  prevent  or  restrict 
the  disposal  of  such  land  because  of  the  mineral  character  of  the  land, 
shall  hereafter  be  deemed  to  embrace  geothermal  steam  and  associated 
geotheimal  resources  as  a substance  which  either  must  be  reserved  or 
must  prevent  or  restrict  the  disposal  of  such  land,  as  the  case  may  be. 
This  section  shall  not  be  construed  to  affect  grants,  patents,  or  other 
forms  of  conveyances  made  prior  to  the  date  of  enactment  of  this  Act. 

Sec.  26.  The  first  two  clauses  in  section  11  of  the  Act  of  August  13, 
1954  (68  Stat.  708,  716),  are  amended  to  read  as  follows: 

“As  used  in  this  Act,  ‘mineral  leasing  la ’'s’  shall  mean  the  Act  of 
February  25,  1920  (41  Stat.  437) ; the  Act  of  April  17,  1926  (44  Stat. 
301) ; the  Act  of  February  7,  1927  (44  Stat  1057)  ; Geothermal  Steam 
Act  of  1970,  and  all  Acts  heretofore  or  hereafter  enacted  which  are 
amendatory  of  or  supplementary  to  any  of  the  foregoing  Acts;  ‘Leas- 
ing Act  minerals’  shall  mean  all  minerals  which,  upon  the  effective 
date  of  this  Act,  are  provided  in  the  mineral  leasing  laws  to  be  disposed 
of  ‘thereunder  and  all  creothermal  steam  and  associated  geothermal 
resources  which,  upon  the  effective  date  of  the  Geothermal  Steam  Act 
of  1970,  are  provided  in  that  Act  to  be  disposed  of  thereunder;”. 
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Sec.  27.  The  United  States  reserves  the  ownership  of  and  the  right  Certain  mineral 
to  extract  under  such  rules  and  regulations  as  the  Secretary  may  pre-  rights,  retention 
scribe  oil?  hydrocarbon  gas,  and  helium  from  all  geothermal  steam  by  U.  S. 
and  associated  geothermal  resources  produced  from  lands  leased  under 
this  Act  in  accordance  with  presently  applicable  laws:  Provided,  That 
whenever  the  right  to  extract  oil,  hydrocarbon  gas,  and  helium  from 
geothermal  steam  and  associated  geothermal  resources  produced  from 
such  lands  is  exercised  pursuant  to  this  section,  it  shall  be  exercised 
so  as  to  cause  no  substantial  interference  with  the  production  of  geo- 
thermal steam  and  associated  geothermal  resources  from  such  lands. 

Approved  December  24,  1970. 
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DEPARTMENT  OF  THE  INTERIOR 
Bureau  of  Land  Management 
[ 43  CFR  Parts  3000,  3200  ] 
GEOTHERMAL  RESOURCES 

Leasing  on  Public,  Acquired  and  With- 
drawn Lands;  Revision  of  Proposed 

Rule 

The  purpose  of  the  revision  in  the  pro- 
posed rule  making  for  implementing  the 
Geothermal  Steam  Act  of  December  24, 
1970  (30  U.S.C.  1001-1025) , is  to  provide 
the  public  with  the  revisions  to  the  leas- 
ing regulations  planned  as  a result  of 
the  public  hearings  and  comments  re- 
ceived on  the  Draft  Environmental  State- 
ment and  previously  published  proposed 
rules  (36  FR  13722  and  37  FR  25282). 
The  Act  provides  for  the  leasing  of  public 
lands  for  the  purpose  of  geothermal  re- 
source exploration,  development  and 
production.  The  changes  In  these  regu- 
lations, since  the  last  publication  on 
November  29,  1972,  are  primarily  admin- 
istrative and  procedural  in  nature  and 
the  environmental  impact  of  these  regu- 
lations is  not  believed  to  be  significantly 
different  from  the  impact  of  the  regula- 
tions previously  published. 

It  is  the  policy  of  the  Department  of 
the  Interior,  whenever  practicable,  to 
afford  the  public  an  opportunity  to  par- 
ticipate in  the  rule  making  process.  Ac- 
cordingly, Interested  parties  may  submit 
written  comments,  suggestions,  or  objec- 
tions with  respect  to  the  proposed  regula- 
tions to  the  Geothermal  Coordinator, 
Department  of  the  Interior,  Washington, 
DC  20240,  on  or  before  August  22, 1973. 

A Final  Environmental  Statement  will 
be  Issued  in  accordance  with  the  provi- 
sions of  section  102(2)  (C)  of  the  National 
Environmental  Policy  Act  of  1969  (42 
U.S.C.  4332(2)  (C))  prior  to  promulga- 
tion of  any  leasing  regulations. 

1.  Section  3000.0-5  of  Subpart  3000, 
Chapter  n,  Title  43  of  the  Code  of  Fed- 
eral Regulations  is  revised  to  read  as 
follows; 

§ 3000.0—5  Definitions. 

As  used  in  this  subchapter: 

(a)  "Leasable  minerals’’  means  oil  and 
gas.  (1)  Gas  means  any  fluid,  either 
combustible  or  noncombustible,  which  is 
produced  in  a natural  state  from  the 
earth  and  which  maintains  a gaseous  or 
rarefied  state  at  ordinary  temperature 
and  pressure  conditions.  (2)  Oil  or  crude 
oil  means  any  liquid  hydrocarbon  sub- 
stance which  occurs  naturally  in  the 
earth,  including  drip  gasoline  or  other 
natural  condensates  recovered  from  gas, 
without  resort  to  manufacturing  process. 

(b)  "Other  leasable  minerals”  means 
(1)  Coal,  chlorides,  sulphates,  carbonates, 
borates,  silicates,  or  nitrates  of  potassium 
and  sodium;  sulphur  in  the  States  of 
Louisiana  and  New  Mexico;  phosphate; 
and  native  asphalt,  solid  and  semisolid 
bitumen  and  bituminous  rock  (including 
oil  impregnated  rock  or  sands  from 
which  oil  is  recoverable  only  by  special 


treatment  after  the  deposit  is  mined  or 
quarried).  (2)  Solid  (hardrock)  min- 
erals; minerals  in  acquired  lands  which 
would  be  subject  to  location  under  the 
U.S.  mining  laws  if  located  in  the  public 
domain  lands. 

(c)  “Secretary”  means  the  Secretary 
of  the  Interior  or  any  person  duly  au- 
thorized to  exercise  the  powers  vested  in 
that  officer. 

(d)  “Director”  means  the  Director  of 
the  Bureau  of  Land  Management  or  any 
person  duly  authorized  to  exercise  the 
powers  vested  in  that  officer. 

(e)  “State  Director”  means  the  Direc- 
tor of  a Bureau  of  Land  Management 
State  office. 

-"■(f)  “Authorized  officer”  means  any 
person  authorized  by  law  or  by  lawful 
delegation  of  authority  in  the  Bureau  of 
Land  Management  to  perform  the  duties 
described. 

(g)  “Proper  BLM  office”  means  the 
Bureau  of  Land  Management  office  hav- 
ing jurisdiction  over  the  leased  lands  or 
lands  subject  to  lease. 

(h)  "Commercial  quantities”  means 
quantities  sufficient  to  provide  a return 
after  all  variable  costs  of  production 
have  been  met. 

(i)  "Public  domain  lands”  means 
original  public  domain  lands  which  have 
never  left  Federal  ownership;  also,  lands 
in  Federal  ownership  which  were  ob- 
tained by  the  Government  in  exchange 
for  public  lands  or  for  timber  on  such 
lands;  also  original  public  domain  lands 
which  have  reverted  to  Federal  owner- 
ship through  operation  of  the  public  land 
laws. 

(J)  "Acquired  lands”  means  lands 
which  the  United  States  obtains  by  deed 
through  purchase  or  gift,  or  through  con- 
demnation proceedings.  They  are  dis- 
tinguished from  public  domain  lands  in 
that  acquired  lands  may  or  may  not 
have  been  originally  owned  by  the  Gov- 
ernment. If  originally  owned  by  the  Gov- 
ernment such  lands  have  been  disposed 
of  (patented)  under  the  public  land 
laws  and  thereafter  reacquired  by  the 
United  States. 

(k)  “Other  lands”  (1)  “Withdrawn 
lands.”  Lands  which  have  been  with- 
drawn and  dedicated  to  public  purposes. 
(2)  “Reserved  lands.”  Lands  which  have 
been  withdrawn  from  disposal  and  dedi- 
cated to  a specific  public  purpose.  (3) 
“Segregated  lands.”  Lands  included  in  a 
withdrawal,  or  in  an  application  or  entry 
or  in  a proper  classification  which  segre- 
gates them  from  operation  of  the  public 
land  laws. 

2.  Section  3000.4  of  Subpart  3000, 
Chapter  n,  Title  43  of  the  Code  of  Fed- 
eral Regulations  is  revised  to  read  as 
follows: 

g 3000.4  Appeals. 

Any  party  to  a case  who  is  adversely 
affected  by  any  official  action  or  decision 
of  an  officer  of  the  Bureau  of-Land  Man- 
agement or  of  an  Administrative  Law 
Judge,  except  a decision  which  has  been 
approved  by  the  Secretary,  shall  have  a 
right  of  appeal  to  the  Board  of  Land 
Appeals  in  the  Office  of  Hearings  and 


Appeals,  Office  of  the  Secretary.  All  ap- 
peals shall  be  governed  by  the  rules  of 
practice  in  Subpart  E of  Part  4 of  this 
title.  Nothing  in  this  group  shall  be  con- 
strued to  prevent  any  interested  party 
from  seeking  judicial  review  as  author- 
ized by  law. 

3.  A new  Group  3200  is  added  to  Chap- 
ter n,  Title  43  of  the  Code  of  Federal 
Regulations  to  read  as  follows: 

Group  3200— Geothermal  Resources 
Leasing 

PART  3200— GEOTHERMAL 
RESOURCES  LEASING;  GENERAL 

Subpart  3200 — Gaotharmal  Raaourcas  Lasting; 
Central 


Soc 

3200.0- 3  Authority. 

3200.0- 6  Definitions. 

3200.0- 6  Preleaslng  procedures. 

3200.0- 7  Cross  reference. 

3200.0- 8  Use  of  surface. 


Subpart  3201 — Available  Landt;  Limitation*; 
Unit  Agreement* 

Sec. 

3201.1  Lands  subject  to  geothermal  leas- 

ing. 

3201.1- 1  General. 

3201.1- 2  Department  of  the  Interior. 

3201.1- 3  Department  of  Agriculture. 

3201.1- 1  Federal  Power  Commission. 

3201.1- 6  Patented  lands. 

3201.1-6  Excepted  areas. 

3201.2  Acreage  limitations. 

3201.3  Leases  within  unit  areas. 


Subpart  3202 — Qualification*  of  leoeet 


3202.1 

3202.2 

3202.2- 1 

3202.2- 2 

3202.2- 3 

3202.2- 4 

8202.2- 6 

3202.2- 6 

3202.2- 7 


Who  may  hold  leases. 

Statements  required  to  be  sub- 
mitted. 

General. 

Guardian  or  trustee. 
Attorney-ln-fact. 

Statements  previously  filed. 
Showing  as  to  sole  party  In  Inter- 
est. 

Heirs  and  devisees  (estates) . 
Fractional  present  Interests. 


Subpart  3203 — Looting  Term* 


3203.1  Primary  and  additional  term. 

8203.1- 1  Dating  of  leases. 

3203.1- 2  Primary  term. 

3203.1- 3  Additional  term.' 

3203.1- 4  Extensions. 

3203.1- 6  Segregation  of  leases  on  contrac- 

tion of  cooperative  or  unit  plan 
or  commu nttlzatlon  agreement. 

3203.1-6  Conversion  to  mineral  leases  or 
mining  claims. 

3208.2  Lease  acreage  limitation. 

8203.3  Consolidation  of  leases. 

8203.4  Description  of  lands. 

8203.6  Diligent  exploration. 


Subpart  3204— Surface  Management 
Requirement*;  Special  Requirement* 

3204.1  General. 

3204.2  Waste  prevention. 

8204.3  Readjustment  of  terms  and  condi- 

tions. 

8204.4  Reservation  to  the  United  States 

of  oU,  hydrocarbon  gas,  and 
helium. 

8204.6  Compensation  for  drainage;  com- 

pensatory royalty. 

3204.6  Patented  lands. 

Subpart  3205 — Service  Charge*,  Rental*  and 
Royaltle* 

3206.1  Payments. 

8208.1- 1  Form  of  remittance. 

8206.1- 2  Where  submitted. 
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Sec. 

3206.9  Service  charges. 

3206.3  Rentals  and  royalties. 

3206.3- 1  Payment  with  application. 

3206.3- 2  Payment  of  annual  rental. 

3206.3- 3  Escalating  rental  rates. 

3206.3- 4  Fractional  Interest. 

3206.3- 6  Royalty  on  production. 

3206.9-0  Royalty  on  oommerolally  deminer- 
alized water. 

3206.3- 7  Waiver,  euepenslon  or  reduotlon  of 

rental  or  royalty. 

3206.3- 0  Application  for  and  elTeot  of  sus- 

pension of  operations  and  pro- 
duction. 

3206.3- 0  Readjustments. 

3203.4  Rental  and  minimum  royalty  lia- 

bility of  lands  committed  to  co- 
operative or  unit  plans. 

§208,4=1  Prior  to  production, 

8208,4=8  After  production, 

lubpart  3204— lease  lendi 

8208.1  Types  of  bonds  and  filing, 

§208.1=1  T$res  of  bonds, 

8208.1=9  Filing  of  bonds. 

8208.2  Termination  of  period  of  liability. 

3208.3  Operators  bond. 

3208.4  Qualified  corporate  sureties. 

8208.8  Nationwide  bond. 

3208.6  Statewide  bond. 

8208.7  Default. 

8208.7- 1  Payment  by  surety. 

3206.7- 2  Penalty. 

3208.8  Applicability  of  provisions  to  exist- 

ing bonds. 

Subpart  3207 — [Reserved] 

Subpart  3208 — [Reserved] 

Subpart  3209— Geothermal  Resources 
Exploration  Operations 

Sec. 

3209.0- J  Purposes. 

3209.0- 2  Objectives. 

3209.0- 8  Definitions. 

3209.1  Notice  of  Intent  and  permit  to 

conduct  exploration  operations 
(Geothermal  resources) . 

3209.1- 1  Application. 

8209.1- 2  Review  of  notice  of  intent. 

3209.2  Exploration  operations. 

8209.8  Completion  of  operations. 

9209.4  Bond  requirements. 

8209.4- 1  General. 

3209.4- 2  Riders  to  existing  bond  forma. 

8209.4- 8  Termination  of  period  of  liability.. 

Subpart  3200 — Geothermal  Resources 
Leasing;  General 

g 3200.0-3  Authority. 

These  regulations  are  Issued  pursuant 
to  the  Oeothermal  Steam  Act  of  1970  (84 
Stat.  1666;  30  U.8.C.  1001-1026)  and 
rights  to  develop  and  utilize  geothermal 
resources  In  land  subject  to  these  regula- 
tions may  be  acquired  only  in  accordance 
with  these  regulations. 

t 

g 3200.0-5  Definitions. 

As  used  In  Group  3200,  the  term: 

(a)  "The  Act"  means  the  Geothermal 
Steam  Act  of  1970. 

(b)  "Geothermal  lease"  means  a lease 
issued  under  authority  of  the  Act;  and 
unless  the  context  Indicates  otherwise, 
"lease"  means  a "geothermal  lease”. 

(c)  "Geothermal  resources"  means 
geothermal  steam  and  associated  geo- 
thermal resources  which  Include;  (1)  All 
products  of  geothermal  processes,  em- 
bracing Indigenous  steam,  hot  water  and 
hot  brines;  (2)  steam  and  other  gasee, 


hot  water  and  hot  brines  resulting  from 
water,  gas,  or  other  fluids  artificially  in- 
troduced Into  geothermal  formations; 
(3)  heat  or  other  associated  energy  found 
In  geothermal  formations;  and  (4)  any 
byproducts  derived  from  them. 

(d)  “Byproduct”  means  (1)  any  min- 
eral or  minerals  (exclusive  of  oil,  hydro- 
carbon gas,  and  helium)  which  are  found 
In  solution  or  In  association  with  geo- 
thermal steam  and  which  have  a value 
of  less  than  75  per  centum  of  the  value 
of  the  geothermal  steam  or  are  not,  be- 
cause of  quantity,  quality,  or  technical 
difficulties  In  extraction  and  produc- 
tion, of  sufficient  value  to  warrant  ex- 
traction and  production  by  themselves, 
and  (2)  commercially  demineralised 
water, 

(e)  "Sole  party  in  Interest"  means  a 
party  who  U and  will  be  vested  with  all 
legal  and  equitable  rights  under  the 
lease.  No  one  Is,  or  shall  be  deemed  to 
be,  a sole  party  In  Interest  with  respect 
to  a lease  In  which  any  other  party  has 
any  Interest  In  the  lease. 

(f)  "Interest  in  the  lease"  means  any 
Interest  whatever  In  a geothermal  lease, 
Including,  but  not  limited  to:  A record 
title  Interest;  a working  interest;  an 
operating  right;  an  overriding  royalty 
interest;  a claim  to  any  prospective  or 
future  advantage  or  benefit  from  a lease; 
a participation  In  any  Increment,  Issue, 
or  profit  which  may  be  derived,  or  ac- 
crue in  any  manner,  from  the  lease  based 
upon,  or  pursuant  to,  any  agreement  or 
understanding  In  existence  at  the  time 
when  the  offer  Is  filed;  and  an  agree- 
ment pertaining  to  any  of  the  foregoing. 

(g)  “Supervisor.”  means  a representa- 
tive of  the  Secretary,  subject  to  the  di- 
rection and  supervisory  authority  of  the 
Director,  the  Chief,  Conservation  Divi- 
sion, Geological  Survey  and  the  appro- 
priate Regional  Conservation  Manager, 
Conservation  Division,  Geological  Sur- 
vey, authorized  and  empowered  to  regu- 
late operations  and  to  perform  other 
duties  prescribed  In  the  regulations  In 
this  part  or  any  subordinate  of  such 
representative  acting  under  his  direction. 

(h)  "Primary  term”  means  the  first 
10  years  in  the  life  of  the  lease,  exclu- 
sive of  any  period  of  suspension  of  opera- 
tions or  production,  or  both. 

(1)  “Area  of  operation"  means  that 
area  of  the  leased  lands  which  is  re- 
quired for  exploration,  development  and 
producing  operations,  and  which  Is  de- 
lineated on  a map  or  plat  which  Is  made 
a part  of  the  approved  plan  of  opera- 
tions. It  encompasses  the  area  generally 
needed  for  wells,  flow  lines,  separators, 
surge  tanks,  drill  pads,  mud  pits,  work- 
shops, and  other  such  faclliites  used  for 
on-project  geothermal  resources  field  ex- 
ploration, development  and  production 
operations. 

• (J)  “Geothermal  resource  province" 
means  an  area  In  which  higher  than 
normal  temperatures  are  likely  to  occur 
with  depth  and  there  Is  a reasonable 
possibility  of  finding  reservoir  rocks  that 
will  yield  steam  or  heated  fluids  to  wells. 
The  classification  of  such  a province  Is 
based  on  geologic  Inference  and  a deter- 


mination that  the  area  possesses  one  or 
more  of  the  following  characteristics: 

(1)  Volcantsm  of  late  Tertiary  or 
Quaternary  age — especially  caldera 

structures,  cones,  and  volcanic  vents; 

(2)  geysers,  fumaroles,  mud  volcanoes, 
or  thermal  springs  at  least  40°  P.  higher 
than  average  ambient  temperature;  and 
<1)  subsurface  geothermal  gradients 
generally  In  excess  of  two  times  normal, 
as  reflected  In  deep  water  wells,  oil  well 
tests,  aftd  other  test  holes. 

(k)  "Known  geothermal  resource  area” 
or  "KORA"  means  an  area  In  which  the 
geology,  nearby  discoveries,  competitive 
Interests,  or  other  Indicia  would,  In  the 
opinion  of  the  Secretary,  engender  a 
belief  in  men  who  are  experienced  in 
the  subject  matter  that  the  prospects  for 
extraction  of  geothermal  steam  or  as- 
sociated geothermal  resources  are  good 
enough  to  warrant  expenditures  of 
money  for  that  purpose. 

(l)  In  determining  whether  the  geol- 
ogy of  an  area  la  of  such  a nature  that 
the  area  should  be  designated  a KGRA 
the  Director,  Geological  Survey,  acting 
for  the  Secretary,  shall  use  such  geologic 
and  technical  evidence  as  he  shall  deem 
appropriate,  Including  the  following: 

(1)  The  existence  of  siliceous  sinter 
and  natural  geysers; 

(II)  The  temperatures  of  fumaroles, 
thermal  springs,  and  mud  volcanoes; 

(III)  The  S109  content  of  spring 
water; 

(lv)  The  Na/K  ratio  in  spring  waters 
of  hot-water  systems; 

(v)  The  existence  of  volcanoes  and 
calderas  of  late  Telrtary  or  Quaternary 
age; 

(vi)  Conductive  heat  flows  and  geo- 
thermal gradient; 

(vil)  The  porosity  and  the  permeabil- 
ity of  a potential  reservoir; 

(vlli)  The  results  of  electrical  resistiv- 
ity surveys; 

(lx)  The  results  of  magnetic,  gravity, 
and  airborne  Infrared  geophysical  sur- 
veys; and 

(x)  The  Information  obtained  through 
other  geophysical  methods  such  as 
mlcroselsmlc,  seismic  ground  noise, 
electromagnetic,  and  telluric  surveys  If 
such  methods  prove  to  have  significant 
use  In  evaluation. 

(2)  For  purposes  of  KGRA  classifi- 
cation, a "discovery"  or  “discoveries" 
will  be  considered  to  be  any  well  deemed 
by  the  Director,  Geological  Survey,  to  be 
capable  of  producing  geothermal  re- 
sources In  commercial  quantities  and, 
where  the  geological  structure  Is  not 
known,  "nearby"  will  be  considered  to  be 
five  miles  or  less  from  any  such  dis- 
covery. Lands  nearby  a discovery  will  be 
classified  as  KGRA  unless  the  Geological 
Survey  determines  that  the  lands  are  on 
a different  geologic  structure  from  the 
discovery.  Where  the  Geological  Survey 
has  determined  the  extent  of  a structure 
on  which  a discovery  has  been  made,  all 
land  In  that  structural  area  contributing 
geothermal  resources  to  that  discovery 
will  be  deemed  a KGRA  regardless  of  the 
distance  from  the  discovery. 

(3)  "Competitive  Interest"  shall  exist 
In  the  entire  area  covered  by  an  appli- 
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cation  for  a geothermal  lease  if  at  least 
one-half  of  the  lands  covered  by  that  ap- 
plication are  also  covered  by  another 
application  which  was  filed  during  the 
same  application  filing  period,  whether 
or  not  that  other  application  is  subse- 
quently withdrawn.  Competitive  interest 
shall  not  be  deemed  to  epdst  in  the  entire 
area  covered  by  an  application  because 
of  an  overlapping  application,  if  less 
than  one-half  of  the  lands  subject  to  the 
first  application  are  covered  by  any  other 
single  application  filed  during  the  same 
application  filing  period;  however,  some 
of  the  lands  subject  to  the  first  applica- 
tion may  be  determined  to  be  KGRA 
pursuant  to  the  first  sentence  of  this 
subparagraph  (3). 

(1)  “Primarily  valuable”  means  the 
principal  mineral  value  for  which  the 
leasehold  is  being  produced. 

§ 3200.0—6  Preleasing  procedures. 

(a)  When  an  area  is  initially  con- 
sidered for  geothermal  leasing  or  when 
the  need  arises,  the  Director  shall  request 
other  interested  Bureaus  and  Federal 
agencies  to  prepare  reports  describing,  to 
the  extent  known,  resources  contained 
within  the  general  area  and  the  poten- 
tial effect  of  geothermal  resources  opera- 
tions upon  the  resources  of  the  area  and 
its  total  environment. 

(b)  Prior  to  the  final  selection  of  tracts 
for  leasing,  the  Director,  or  the  head  of 
the  agency  charged  with  the  administra- 
tion of  the  surface,  when  requested  by 
the  Director,  shall  evialuate  fully  the 
potential  effect  of  the  leasing  program 
on  the  total  environment,  fish  and  other 
aquatic  resources,  wildlife  habitat  and 
populations,  aesthetics,  recreation,  and 
other  resources  in  the  entire  area  during 
exploratory,  developmental,  and  opera- 
tional phases.  This  evaluation  will  con- 
sider the  potential  impact  of  the  possible 
development  and  utilization  of  the  geo- 
thermal resources  Including  the  con- 
struction of  power  generating  plants  and 
transmission  facilities  on  lands  which 
may  or  may  not  be  included  in  a geo- 
thermal lease.  To  aid  him  in  his  evalua- 
tion and  selection  of  tracts  the  Director 
may  request  and  consider  the  views  and 
recommendations  of  appropriate  Federal 
agencies,  may  hold  public  hearings  after 
appropriate  notice,  and  may  consult  with 
State  agencies,  organizations,  Industries, 
and  individuals,  and  shall  consider  all 
other  potential  uses  of  the  land  and  its 
natural  resources.  If  the  Director  de- 
termines that  the  issuance  of  leases  in 
an  area  would  be  a major  Federal  action 
significantly  affecting  the  quality  of  the 
human  environment,  he  shall  issue  no 
leases  in  that  area  uhless  an  environ- 
mental impact  statement  under  section 
102(2)  (C)  of  the  National  Environmen- 
tal Policy  Act  of  1969  (42  U.S.C.  4332(2) 
(C) ) has  been  issued.  The  Director  shall 
develop  special  terms  and  conditions  to 
be  Included  in  leased  when  they  are 
needed  to  protect  the  environment,  to 
permit  use  of  the  land  for  other  purposes, 
and  to  protect  other  natural  resources.  If 
tracts  are  offered  for  competitive  leasing, 
any  terms  and  conditions  to  be  included 
In  leases  for  such  tracts  shall  be  pub- 


lished in  the  notice  announcing  the 
availability  of  the  land  for  leasing. 

§ 3200.0—7  Cross  reference. 

(a)  The  regulations  governing  opera- 
tions under  geothermal  leases  are  found 
in  30  CFR  Part  270 

(b)  The  regulations  setting  forth  the 
basic  policies  for  management  of  the 
public  lands  are  found  in  Part  1725  of 
this  chapter. 

§ 3200.0—8  Use  of  surface. 

.(a)  A lessee  shall  be  entitled  to  use  for 
the  production,  utilization,  and  conser- 
vation of  geothermal  resources  only  so 
•much  of  the  surface  of  the  leased  Fed- 
eral lands  as  is  deemed  necessary  for 
such  purposes.  The  lessee  shall  have 
the  right  to  use  so  much  of  the 
leased  lands  as  may  be  deemed  nec- 
essary for  a power  generation  plant  or  a 
commercial  or  industrial  facility,  and 
may  apply  for  the  right  to  use  so  much 
of  other  Federal  lands  as  may  be  deemed 
necessary  for  sifch  purposes;  however, 
any  use  of  the  leased  lands  or  other  Fed- 
eral lands  for  a power  generation  plant 
or  a commercial  or  industrial  facility 
will  be  authorized  only  under  a separate 
permit  issued  by  the  appropriate  agency 
for  that  specific  use  and  subject  to  all 
terms  and  conditions  which  it  may  in- 
clude in  that  permit.  The  uses  of  the 
lands  within  the  area  of  operation  are 
subject  to  the  supervision  of  the  super- 
visor, and  the  uses  of  the  remaining 
leased  lands  or  other  Federal  lands  are 
subject  to  the  supervision  of  the  appro- 
priate surface  management  agency.  The 
lessee  shall  not  be  entitled  to  use  any 
mineral  materials  subject  to  the  Mate- 
rials Act  except  as  provided  by  Part  3600 
of  this  chapter. 

(b)  Operations  under  other  leases  or 
uses  on  the  same  lands  shall  not  unrea- 
sonably interfere  with  or  endanger  oper- 
ations under  leases  issued  under  these 
regulations  nor  shall  operations  under 
these  regulations  unreasonably  interfere 
with  or  endanger  operations  under  any 
lease,  license,  claim,  permit,  or  other  au- 
thorized use  pursuant  to  the  provisions 
of  any  other  Act. 

Subpart  3201 — Available  Lands;  Lim- 
itations, Unit  Agreements 

§ 3201.1  Lands  subject  to  geothermal 
leasing. 

§ 3201.1—1  General. 

Subject  to  the  exceptions  listed  below, 
geothermal  leases  may  be  issued  in  com- 
bination or  separately  for  (a)  lands  ad- 
ministered by  the  Secretary  of  the  In- 
terior; (b)  national  forest  lands  or 
other  lands  administered  by  the  Depart- 
ment of  Agriculture  through  the  Forest 
Service;  and  (c)  geothermal  resources 
in  lands  which  have  been  conveyed  by 
the  United  8tates  subject  to  a reservation 
to  the  United  States  of  geothermal 
resources. 

§ 3201.1—2  Department  of  the  Interior. 

(a)  Except  as  provided  in  this  section, 
leases  may  be  issued  in  accordance  with 
the  regulations  in  this  part  for  with- 


drawn lands,  for  acquired  lands,  and  for 
geothermal  resources  in  lands  which  have 
passed  from  Federal  ownership  subject 
to  a reservation  to  the  United  States  of 
the  geothermal  resources  therein  where 
such  lands  or  resources  are  administered 
by  the  Secretary'of  the  Interior. 

(b)  Notwithstanding  any  other  provi- 
sion in  these  regulations,  geothermal 
leases  shall  not  be  issued  for:  (1)  Lands 
which  the  Secretary  has  identified  or 
may  identify  as  being  necessary  to  the 
performance  of  his  or  any  other  Federal 
agency’s  authorized  functions,  and  on 
which  geothermal  resource  development 
would  in  his  judgment  interfere  with 
such  functions;  or  (2)  lands  respecting 
which  the  Secretary  has  made  or  may 
make  a finding  that  the  issuance  of  geo- 
thermal leases  would  be  contrary  to  the 
public  interest.  Upon  receipt  of  an  appli- 
cation for  a geothermal  lease  affecting 
lands  withdrawn  under  section  3 of  the 
Reclamation  Act  of  1902  (43  U.S.C.  416) 
or  any  other  appropriate  authority,  no- 
tice thereof  and  an  opportunity  to  com- 
ment thereon  shall  be  given,  to  the  head 
of  the  agency  for  whose  benefit  the  with- 
drawal was  made.  No  geothermal  lease 
affecting  lands  withdrawn  for  any 
agency  outside  the  Department  of  the 
Interior  shall  be  leased  without  the  con- 
sent of  the  head  of  the  agency  for  which 
the  lands  are  withdrawn.  Where  leases 
are  Issued  under  Part  3210,  3211,  or  3220 
for  lands  neighboring  such  reserved 
lands,  the  lessees  shall  be  required  to  per- 
form such  lease  operations  and  take  such 
measures  as  are  prescribed  by  the  Secre- 
tary for  the  protection  of  the  Federal 
interests  therein. 

§ 3201.1—3  Department  of  Agriculture. 

Leases  for  lands  withdrawn  or  acquired 
in  aid  of  functions  of  the  Department  of 
Agriculture,  for  example,  lands  admin- 
istered by  the  Forest  Service,  may  be  is- 
sued by  the  Secretary  of  the  Interior  only 
with  the  consent  of,  and  subject  to  such 
terms  and  conditions  as  may  be  pre- 
scribed by,  the  head  of  that  Department 
to  insure  adequate  utilization  of  the  lands 
for  the  purpose  for  which  they  were 
withdrawn  or  acquired. 

§ 3201.1—4  Federal  Power  Commission. 

Leases  for  lands  to  which  section  24  of 
the  Federal  Power  Act,  as  amended  (16 
UB.C.  818) , Is  applicable,  may  be  Issued 
by  the  Secretary  of  the  Interior  only 
with  the  consent  of,  and  subject  to,  such 
terms  and  conditions  as  the  Federal 
Power  Commission  may  prescribe  to  in- 
sure adequate  utilization  of  such  lands 
for  power  and  related  purposes. 

§ 3201.1—5  Patented  lands. 

(a)  Geothermal  resources  in  lands 
which  have  passed  from  Federal  owner- 
ship subject  to  a reservation  to  the  United 
States  of  geothermal  resources  therein 
may  be  leased  under  the  regulations  In 
this  group  subject  to  the  provisions  in 
this  part  and  to  such  terms  and  condi- 
tions as  may  be  prescribed  by  the  au- 
thorized officer  to  insure  adequate  pro- 
tection of  the  patented  lands  and  any 
improvements  thereon. 
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(b)  Geothermal  resources  in  lands  the 
surface  of  which  has  passed  from  Federal 
ownership  but  in  which  the  minerals 
have  been  reserved  to  the  United  States 
shall  not  be  developed  or  produced  ex- 
cept under  terms  and  conditions  pre- 
scribed by  the  Secretary  and  pursuant 
to  any  agreements  made  therefor  while 
the  question  of  the  title  to  such  resources 
is  being  resolved  pursuant  to  the  provi- 
sions of  section  21(b)  of  the  Act. 

§ 3201.1—6  Excepted  areas. 

v Leases  shall  not  be  issued  for  lands 
which  are:  (a)  Administered  under  the 
National  Park  System;  (b)  within  a 
national  recreation  area;  (c)  in  a fish 
hatchery  administered  by  the  Secretary, 
wildlife  refuge,  wildlife  range,  game 
range,  wildlife  management  area,  or 
waterfowl  production  area,  or  for  lands 
acquired  or  reserved  for  the  protection 
and  conservation  of  fish  and  wildlife 
which  are  threatened  with  extinction; 
or  (d)  tribally  or  individually  owned  In- 
dian trust  or  restricted  lands,  within  or 
without  the  boundaries  of  Indian  reser- 
vations. 

§ 3201.2  Acreage  limitations. 

(a)  Maximum  holdings.  No  citizen, 
association,  corporation,  or  governmental 
unit  shall  take,  hold,  own,  or  control  at 
one  time,  whether  acquired  directly 
from  the  Secretary  or  otherwise,  any  di- 
rect or  indirect  interest  in  Federal  leases 
and  in  applications  for  Federal  leases  in 
any  one  State  exceeding  20,480  acres. 
Nor  may  any  citizen,  association,  or  cor- 
poration be  permitted  to  convert  mineral 
leases,  permits,  applications  therefor,  or 
mining  claims,  pursuant  to  the  provi- 
sions of  section  4 (a) -(f)  of  the  Act  into 
geothermal  leases  for  more  than  10,240 
acres.  No  citizen,  association,  corpora- 
tion, or  governmental  unit  shall  be 
charged  with  the  acreage  embraced  in 
an  application  for  a lease  until  that  ap- 
plication has  been  given  priority  over  all 
other  applications  for  lease  for  all  or 
some  of  the  land  embraced  in  that  appli- 
cation. 

(b)  Computation.  In  computing  acre- 
age holdings  or  control,  the  accountable 
acreage  of  a party  owning  an  undivided 
Interest  in  a lease  shall  be  that  party’s 
proportionate  part  of  the  total  lease 
acreage.  Likewise,  the  accountable  acre- 
age of  a party  owning  an  interest  In  a 
corporation  or  association  shall  be  his 
proportionate  part  of  the  corporation’s 
or  association’s  accountable  acreage  ex- 
cept that  no  person  shall  be  charged 
with  his  pro  rata  share  of  any  acreage 
holdings  of  any  association  or  corpora- 
tion unless  he  is  the  beneficial  owner  of 
more  than  20  per  centum  of  the  stock 
or  other  instruments  of  ownership  or 
control  of  that  association  or  corpora- 
tion. Parties  owning  a royalty  or  other 
Interest  determined  by  or  payable  out 
of  a percentage  of  production  from  a 
lease  will  be  charged  with  a similar  per- 
centage of  the  total  lease  acreage. 

(1)  An  association  shall  not  he  deemed 
to  exist  between  the  parties  to  a contract 
for  development  of  leased  lands,  whether 
or  not  coupled  with  an  Interest  In  the 


lease,  nor  between  colessees,  but.  each 
party  to  any  such  contract  or  each  co- 
lessee will  be  charged  with  his  propor- 
tionate interest  in  the  lease.  No  holding 
of  acreage  in  common  by  the  same  per- 
sons in  excess  of  the  maximum  acreage 
specified  in  the  law  for  any  one  lessee 
will  be  permitted. 

(2)  Lessees  holding  acreage  in  com- 
mon shall  be  considered  a single  entity 
and  cannot  hold  acreage  in  excess  of  the 
maximum  specified  in  the  law  for  any 
one  lessee. 

(c)  Excepted  acreage.  Leases  or  appli- 
cations for  leases  committed  to  any  unit 
or  cooperative  plan  approved  or  pre- 
scribed by  the  Secretary  of  the  Interior 
shall  not  be  included  in  computing  ac- 
countable acreage.  Leases  or  applications 
for  leases  subject  to  an  operating,  drill- 
ing or  development  contract  approved 
by  the  Secretary  of  the  Interior  pur- 
suant to  section  18  of  the  act,  other  than 
communization  agreements,  shall  be  ex- 
cepted in  determining  the  accountable 
acreage  of  the  lessees  or  operators. 

(d)  Excess  acreage.  (1)  Where,  as  the 
result  of  the  termination  of  contraction 
of  a unit  or  cooperative  plan,  or  the 
elimination  of  a lease  from  operating, 
drilling,  or  development  plan,  a party 
holds  or  controls  excess  accountable 
acreage,  such  party  shall  have  90  days 
from  such  termination  or  contraction  or 
elimination  in  which  to  reduce  his  hold- 
ings to  the  prescribed  limitation  and  to 
file  proof  of  such  reduction  in  the  proper 
BLM  office. 

(2)  If  any  person  holding  or  control- 
ling only  leases  or  interests  in  leases  if 
found  to  hold  accountable  acreage  in 
violation  of  the  provisions  of  this  section 
and  of  the  act,  the  last  lease  or  leases 
or  interest  or  interests  acquired  by  him 
which  created  the  excess  acreage  hold- 
ings shall  be  canceled  or  forfeited  in  their 
entirety,  even  though  only  part  of  the 
acreage  in  the  lease  or  interest  con- 
stitutes excess  holdings,  unless  it  can  be 
shown  to  the  satisfaction  of  the  Direc- 
tor of  the  Bureau  of  Land  Management 
that  the  holding  or  control  of  the  excess 
acreage  is  not  the  result  of  negligence  or 
willful  intent  in  which  event  the  lease 
or  leases  shall  be  canceled  only  to  the 
extent  of  the  excess  acreage. 

(3)  Any  person  holding  or  controlling 
leases  or  interests  in  leases  only,  or  ap- 
plications for  leases  only,  or  both  leases 
or  interests  in  leases  and  applications 
for  leases  below  the  acreage  limitation 
provided  in  this  section,  shall  be  subject 
to  these  rules: 

(i)  If  he  files  an  application  which 
causes  him  to  exceed  the  acreage  limita- 
tion, that  application  will  be  rejected. 
<ii)  For  tracts  not  subject  to  the  simul- 
taneous filing  procedures  of  subpart  3211, 
if  he  files  a group  of  applications  at  the 
same  time,  any  one  of  which  causes  bim 
to  exceed  the  acreage  limitations,  the 
entire  group  of  applications  will  be  re- 
jected. (ill)  If  he  files  an  application  in 
the  drawing  procedures  under  subpart 
3211,  he  shall  be  charged  with  the 
acreage  thereof  only  if  his  application 
is  the  only  application  filed  or  his  ap- 
plication is  successfully  drawn  so  that 


his  application  has  first  priority.  If  that 
application  causes  him  to  exceed  the 
acreage  limitation,  the  application  will 
be  rejected.  If  he  files  at  the  same  time 
a group  of  applications  for  tracts  subject 
to  the  drawing  procedures  under  subpart 
3211;-  any  offer  which  is  successfully 
drawn  after  he  reaches  the  acreage  lim- 
itation shall  be  rejected. 

(4)  If  any  person  holding  or  control- 
ling both  leases  or  interests  in  leases  and 
applications  for  leases,  or  only  applica- 
tions for  leases  below  the  acreage  limita- 
tion provided  in  this  section,  acquires  a 
lease  or  leases,  or  an  interest  or  interests 
therein,  which  cause  him  to  exceed  the 
acreage  limitation,  his  most  recently 
filed  application  for  lease  or  applications 
for  leases  then  containing  acreage  in 
excess  of  the  limitation  provided  in  this 
section  will  be  rejected  in  its  or  their 
entirety.  For  the  purpose  of  this  sub- 
paragraph,  time  of  filing  shall  be  deter- 
mined by  the  time  of  filing  marked  on 
the  application,  or,  if  the  same  time  is 
marked  on  two  or  more  applications,  by 
the  serial  number  of  the  applications. 

(5)  The  provisions  of  this  paragraph 
shall  not  limit  any  action  which  the  De- 
partment may  take  with  respect  to  ex- 
cess acreage  holdings  in  cases  not  other- 
wise covered  by  this  paragraph. 

(e)  Showing  required.  No  lease  will  be 
issued  and  no  transfer  or  operating 
agreement  will  be  approved  until  it  has 
been  shown  that  the  applicant,  operator, 
or  transferee  is  entitled  to  hold  the  acre- 
age or  obtain  the  operating  rights.  At  any 
time  upon  request  by  the  authorized  offi- 
cer, the  record  title  holder  of  any  lease  or 
a lease  operator  or  a lease  applicant  may 
be  required  to  file  in  the  proper  •rt.m 
office  a statement,  showing  as  of  a speci- 
fied date  the  serial  number  and  the  date 
of  each  lease  of  which  he  is  the  record 
holder,  or  under  which  he  holds  operat- 
ing rights,  and  each  application  for  lease 
held  or  filed  by  him  in  the  particular 
State  setting  forth  the  acreage  covered 
thereby,  and  the  nature,  extent  and  acre- 
age interest,  including  royalty  interests 
held  by  him  in  any  geothermal  lease  of 
which  the  reporting  party  is  not  the 
lessee  of  record,  whether  by  corporate 
stock  ownership,  interest  in  unincor- 
porated associations  and  partnerships, 
or  in  any  other  manner. 

§ 3201.3  Leases  within  unit  areas. 

Before  issuance  of  a geothermal  lease 
for  lands  within  an  approved  unit  agree- 
ment, the  lease  applicant  or  successful 
bidder  will  be  required  to  file  evidence 
that  he  has  entered  into  an  agreement 
with  the  unit  operator  for  the  develop- 
ment and  operation  of  the  lands  in  a 
lease  if  issued  to  him  under  and  pursuant 
to  the  terms  and  provisions  of  the  ap- 
proved unit  agreement,  or  a statement 
giving  satisfactory  reasons  for  the  failure 
to  enter  into  such  agreement.  If  such 
statement  is  acceptable,  he  will  be  per- 
mitted to  operate  independently  but  will 
be  required  to  perform  his  operations  In 
a manner  which  the  Supervisor  deems  to . 
be  consistent  with  the  unit  operations. 
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Subpart  3202 — Qualifications  of  Lessees 
§ 3202.1  Who  may  hold  leases. 

Leases  may  be  Issued  only  to:  (a)  Citi- 
zens of  the  United  States  who  have 
reached  the  age  of  majority;  (b)  associa- 
tions of  such  citizens;  (c)  corporations 
organized  under  the  laws  of  the  United 
States,  any  state  or  the  District  of  Co- 
lumbia; or  (d)  governmental  units,  in- 
cluding, without  limitation,  municipali- 
ties. The  term  “association”  includes  a 
partnership. 

§ 3202.2  Statements  required  to  be  sub- , 
mitted. 

§ 3202.2-1  General. 

(a)  Each  applicant  for  a lease  is  re- 
quired to  submit  with  his  application  a 
statement  that  his  Interests,  direct  and 
indirect,  in  Federal  geothermal  leases 
and  applications,  do  not  exceed  the 
acreage  limitations  prescribed  in  5 3201.2, 
together  with  a statement  of  his  citizen- 
ship. 

(b)  If  the  applicant  is  an  association 
or  corporation  the  application  must  be 
accompanied  by:  (1)  A statement  show- 
ing that  it  is  authorized  to  hold  geo- 
thermal leases ; (2)  a statement  that  the 
officer  executing  the  application  is  au- 
thorized to  act  on  behalf  of  the  associa- 
tion or  corporation;  (3)  a statement  set- 
ting forth  the  State  in  which  It  was  In- 
corporated or  formed  and  the  names  and 
addresses  of  all  members  or  stockhold- 
ers holding  more  than  20  percent  of  the 
association  or  corporation;  and  (4)  a 
statement  from  each  person  owning  or 
controlling  more  than  20  percent  of  the 
association  or  corporation  setting  forth 
his  citizenship  and  his  holdings. 

(c)  If  the  applicant  is  a municipality, 
or  governmental  unit,  the  application 
must  be  accompanied  by:  (1)  A state- 
ment showing  that  it  is  authorized  to 
hold  geothermal  leases;  (2)  a statement 
that  the  officer  executing  the  applica- 
tion is  authorized  to  act  on  behalf  of  the 
municipality  or  governmental  unit,  and 
(3)  a copy  of  its  governing  body’s  res- 
olution authorizing  such  action. 

§ 3202.2—2  Guardian  or  trustee. 

(a)  Guardian.  If  the  application  is 
made  by  a guardian,  he  must  submit: 

(1)  A certified  copy  of  the  court  order 
authorizing  him  to  act  as  guardian  and, 
in  behalf  of  his  ward,  to  enter  into  con- 
tractual agreements  and  to  fulfill  all  ob- 
ligations arising  under  the  lease;  and 

(2)  statements  as  to  the  citizenship  and 
holdings  under  the  Act  of  himself  and  of 
each  person  under  his  guardianship  for 
whom  the  application  is  made. 

(b)  Trustee.  If  the  application  is  made 
by  a trustee,  he  must  submit  a copy  of 
the  instrument  establishing  the  trust  or 
a certified  copy  of  the  court  order  au- 
thorizing him  to  act  as  trustee,  in  behalf 
of  the  beneficiary,  as  to  all  obligations 
arising  under  the  lease;  and  statements 
as  to  the  citizenship  and  holdings  under 
the  Act  of  himself  and  of  each  benefi- 
ciary. 


§ 3202.2—3  Atlorney-in-iact. 

If  an  application  is  filed  by  an  at  tor - 
ney-in-fact,  it  must  bf  accompanied  by 
a statement  as  to  his  authority  to  act. 

§ 3202.2—4  Statements  previously  filed. 

Where  the  statements  required  by 
§ 3202.2  have  been  previously  filed  a ref- 
erence by  serial  number  to  the  record 
in  which  they  have  been  filed,  together, 
with  a statement  as  to  any  amendments 
will  be  accepted. 

§ 3202.2—5  Showing  as  to  sole  party  in 
interest. 

Each  application  must  be  accompanied 
either  by  a signed  statement  by  the  ap- 
plicant that  he  is  the  sole  party  in  inter- 
est, or  by  a signed  statement  by  the  ap- 
plicant setting  forth  the  names  of  all 
other  persons  who  have  an  interest  In 
the  lease  and  their  qualifications  to  hold 
a lease.  Where  the  applicant  is  not  the 
sole  party  in  interest,  separate  state- 
ments must  be  signed  by  each  of  the  par- 
ties and  by  the  applicant  setting  forth 
the  nature  of  the  agreement  between 
them.  All  interested  parties  must  furnish 
evidence  of  their  qualifications  to  hold 
such  lease  interest.  These  separate  state- 
ments must  be  filed  in  the  proper  BLM 
office  not  later  than  15  days  after  the 
filing  of  the  application. 

§ 3202.2—6  Heirs  and  devisees  (estates). 

If  an  applicant  or  a successful  bidder 
dies  before  the  lease  is  issued,  the  lease 
will  be  issued  to  the  executor  or  admin- 
istrator of  the  estate  if  probate  of  the 
estate  has  not  been  completed,  and  if 
probate  has  been  completed,  or  is  not 
required,  to  the  heirs  or  devisees,  pro- 
vided there  is  filed  in  all  cases  an  appli- 
cation to  lease  in  compliance  with  the 
requirements  of  this  section  which  will 
be  effective  as  of  the  effective  date  of 
the  original  application  filed  by  the  de- 
ceased. If  there  are  any  minor  heirs  or 
devisees,  the  application  can  only  be 
made  by  their  legal  guardian  or  trustee 
in  his  name.  Each  such  application  must 
be  accompanied  by  the  following  infor- 
mation: 

(a)  Where  probate  of  the  estate  has 
not  been  completed: 

(1)  Evidence  that  the  person  who  as 
executor  or  administrator  submits  the 
application,  and  bond  form  if  a bond  is 
required,  has  authority  to  act  in  that 
capacity  and  to  sign  the  application  and 
bond  forms. 

(2)  A statement  over  the  signature  of 
each  heir  or  devisee  or,  if  the  heir  or 
devisee  is  a minor,  over  the  signature  of 
his  legal  guardian  or  trustee,  concern- 
ing citizenship  and  holdings. 

(3)  Evidence  that  the  heirs  or  de- 
visees are  the  heirs  or  devisees  of  the 
deceased  applicant  or  successful  bidder 
and  are  the  only  heirs  or  devisees  of  the 
deceased. 

(b)  Where  the  executor  or  admin- 
istrator has  been  discharged  or  no  pro- 
bate proceedings  are  required: 

(1)A  certified  copy  of  the  will  or  de- 
cree of  distribution,  if  any,  and  If  not,  a 


statement  signed  by  the  heirs  that  they 
are  the  only  heirs  of  the  applicant  or 
successful  bidder  and  the  provisions  of 
the  law  of  the  deceased’s  last  domicile 
showing  that  no  probate  is  required. 

(2)  A statement  lover  the  signature  of 
each  of  the  heirs  or  devisees  with  refer- 
ence to  holdings  and  citizenship.  If  the 
heir  or  devisee  is  a1  minor,  the  statement 
must  be  over  the  signature  of  the  guard- 
ian or  trustee. 

§ 3202.2—7  Fractional  present  interests. 

(a)  An  application  for  a fractional 
present  interest  noncompetitive  lease 
must  be  executed  an  a form  approved  by 
the  Director  and  it|  must  be  accompanied 
by  a statement  showing  the  extent  of  the 
applicant’s  ownership  of  the  operating 
rights  to  the  fractional  geothermal  re- 
sources interest  not  owned  loy  the  United 
States  in  each  tract  covered  by  the  ap- 
plication to  lease.  Ordinarily,  the  issu- 
ance of  a lease  to  one  who,  upon  such 
issuance,  would  own  less  than  50  percent 
of  the  operating  rights  in  any  such  tract, 
will  not  be  regarded  as  in  the  public 
interest,  and  an  Application  leading  to 
such  results  will  be  rejected. 

(b)  Geothermal  resources  in  lands 
which  have  passed  from  Federal  owner- 
ship but  which  lands  have  been  pur- 
chased by  the  Federal  Government  with 
a fractional  interest  in  the  geothermal 
resources  shall  not  be  developed  or  pro- 
duced, except  under  prescribed  terms 
and  conditions  and  pursuant  to  any 
agreement  made  between  the  parties  of 
interest  prior  to  the  resolution  of  the 
question  of  ownership  of  the  geothermal 
resources. 

Subpart  3203 — Leasing  Terms, 

§ 3203.1  Primary  and  additional  term. 
§ 3203.1-1  Dating  of  leases. 

All  geothermal  leases  will  be  dated 
as  of  the  first  day  pf  the  month  following 
the  date  on  which  the  leases  are  signed 
on  behalf  of  the  lessor  except  that,  where 
prior  written  request  has  been  made,  a 
lease  may  be  dated  as  of  the  first  day 
of  the  month  within  which  it  is  so  signed. 
A renewal  lease  will  be  dated  from  the 
termination  of  the  original  lease. 

§ 3203.1—2  Primary  term. 

All  leases  shall  Ibe  for  a primary  term 
of  10  years. 

§ 3203.1—3  Additional  term. 

(a)  If  geothermal  steam  1s  produced 
or  utilized  in  Commercial  quantities 
within  the  primary  term  of  a lease,  that 
lease  shall  continue  for  so  long  there- 
after as  geothermal  steam  is  produced  or 
utilized  in  commercial  quantities,  but  the 
lease  shall  in  no  event  continue  for  more 
than  40  years  aftier  the  end  of  the  pri- 
mary term  except  that  the  lessee  shall 
have  a preferential  right  to  a renewal  of 
his  lease  for  a second  40 -year  term  upon 
such  terms  and  conditions  as  the  au- 
thorized officer  deems  appropriate,  if  at 
the  end  of  the  first  40 -year  term  the 
lands  are  not  needed  for  another  pur- 
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pose  and  geothermal  steam  Is  produced 
or  utilized  in  commercial  quantities.  Pro- 
duction or  utilization  of  geothermal 
steam  in  commercial  quantites  shall  be 
deemed  to  include  the  completion  of  one 
or  more  wells  producing  or  capable  of 
producing  geothermal  steam  in  commer- 
cial quantities  and  a bona  fide  sale  of 
such  geothermal  steam  for  delivery  to  or 
utilization  by  a facility  or  facilities  not 
yet  installed  but  scheduled  for  installa- 
tion not  later  than  15  years  from  the  date 
of  commencement  of  the  primary  term  of 
the  lease. 

§ 3203.1—4  Extensions. 

(a)  A lease  which  has  been  extended 
by  reason  of  production,  or  on  which  geo- 
thermal stearp  has  been  produced,  and 
which  has  been  determined  by  the  Sec- 
retary to  be  incapable  of  further  com- 
mercial production  and  utilization  of  geo- 
thermal steam  may  be  further  extended 
so  long  as  one  or  more  valuable  byprod- 
ucts are  produced  in  commercial  quanti- 
ties but  for  not  more  than  5 years. 

(b)  Where  the  lessee  commenced 
actual  drilling  operations  prior  to  the  end 
of  the  primary  term  and  those  opera- 
tions are  being  diligently  prosecuted  at 
that  time,  a lease  may  also  be  extended 
for  a period  of  five  years  and  so  long 
thereafter  as  geothermal  steam  is  pro- 
duced or  utilized  in  commercial  quanti- 
ties (but  for  not  more  than  35  years) . 

(c)  A lease  committed  to  a coopera- 
tive plan,  communitization  agreement  or 
a unit  plan  under  or  for  which  actual 
drilling  operations  were  commenced  prior 
to  the  end  of  the  primary  term  of  the 
lease,  shall,  if  such  operations  are  being 
diligently  prosecuted  at  that  time  be  ex- 
tended for  a period  of  five  years  and  so 
long  thereafter  as  geothermal  steam  is 
produced  or  utilized  in  commercial  quan- 
tities (but  for  not  more  than  thirty  five 
years). 

(d)  Any  lease  on  which  there  has  been 
a suspension  of  operations  or  produc- 
tion, or  both,  under  30  CFR  270.17  shall 
continue  in  effect  for  the  life  of  the  sus- 
pension and,  at  the  end  of  the  suspen- 
sion, shall  be  extended  for  a period  equal 
to  that  portion  of  the  primary  term  dur- 
ing which  the  suspension  was  in  effect. 

(e)  If,  at  the  end  of  40  years  after  the 
conclusion  of  the  primary  term,  steam  is 
being  produced  or  utilized  in  commercial 
quantities  and  the  lands  are  not  needed 
for  other  purposes,  the  lessee  shall  have 
a right  to  a renewal  of  the  lease  for  a 
second  40-year  term  on  such  terms  and 
conditions  as  the  Secretary  deems 
appropriate. 

§ 3203.1—5  Segregation  of  leases  on 
commitment  to,  or  contraction  of, 
cooperative  or  unit  plan  or  eummu- 
nitization  agreement. 

(a)  Any  lease  committed  to  any  co- 
operative plan,  cummunization  agree- 
ment, or  unit  plan,  which  covers  lands 
within  and  lands  outside  the  area  covered 
by  the  plan  or  agreement,  shall  be  segre- 
gated, as  of  the  effective  date  of  that 
plan  or  agreement,  into  separate  leases, 
one  covering  the  lands  committed  to  that 
plan  or  agreement  and  the  other  as  to 


the  lands  not  so  committed.  The  segre- 
gated lease  covering  the  portion  of  the 
lands  not  subject  to  that  plan  or  agree- 
ment shall  not  be  entitled  to  an  exten- 
sion by  reason  of  the  segregation,  but  the 
term  of  the  lease  of  such  segregated 
lands  shall  be  as  provided  in  the  original 
lease. 

(b)  When  only  part  of  the  land  sub- 
ject to  a lease  included  in  a cooperative 
plan,  a communitization  agreement,  or  a 
unit  plan  is  .excluded  from  that  plan  or 
agreement  because  of  the  contraction  of 
the  area  subject  to  that  plan  or  agree- 
ment, the  par-t  of  the  lease  which  is  ex- 
cluded and  the  part  which  remains  sub- 
ject to  the  plan  or  agreement  shall  be 
segregated  into  separate  leases.  The  term 
of  the  segregated  lease  composed  of  the 
excluded  land  shall  not  be  extended  be- 
cause of  production  in  commercial  quan- 
tities or  the  existence  of  a producible  well 
on  the  segregated  lease  remaining  sub- 
ject to  the  cooperative  or  unit  plan  or  the 
communitization  agreement  or  because 
actual  drilling  operations  were  at  the 
time  of  contraction  being  conducted  on 
that  other  lease,  but  the  term  of  the 
lease  composed  of  the  excluded  land 
shall  be  as  provided  in  the  original  lease. 

§ 3203.1—6  Conversion  to  mineral  leases 
or  mining  claims. 

(a)  If  the  byproducts  capable  of  being 
produced  in  commercial  quantities  are 
leasable  under  the  Mineral  Leasing  Act 
of  February  25,  1920  as  amended  and 
supplemented  (30  U.S.C.  sections  181- 
287),  or  under  the  Mineral  Leasing  Act 
for  Acquired  Lands  (30  U.S.C.  sections 
351-359),  and  the  leasehold  is  primarily 
valuable  for  the  production  thereof,  the 
lessee  shall  be  intitled  to  convert  his 
geothermal  lease  to  a mineral  lease  un- 
der and  subject  to  all  the  terms  and 
conditions  of  the  appropriate  Act  upon 
application  at  any  time  before  expiration 
of  the  lease  extension  by  reason  of  by- 
product production. 

(b)  The  lessee  shall  be  entitled  to  lo- 
cate under  the  mining  laws  all  minerals 
which  are  not  leasable  and  which  would 
constitute  a byproduct  if  commercial 
production  or  utilization  of  geothermal 
steam  continued.  The  lessee,  in  order  to 
acquire  the  rights  herein  granted  him, 
shall  complete  the  location  of  mineral 
claims  within  90  days  after  the  ter- 
mination of  the  goethermal  lease. 

(c)  Any  lease  converted  under  para- 
graph (a)  of  this  section  or  under  para- 
graph (b)  of  this  section  affecting  lands 
withdrawn  or  acquired  in  aid  of  a func- 
tion of  a Federal  department  or  agency, 
including  the  Department  of  the  Interior, 
shall  be  subject  to  such  additional  terms 
and  conditions  as  may  be  prescribed  by 
that  department  or  agency  with  respect 
to  the  additional  operations  or  affects 
resulting  from  such  conversion  upon  the 
utilization  of  the  lands  for  the  purpose 
for  which  they  are  administered. 

§ 3203.2  Lease  acreage  limitation. 

A geothermal  lease  may  not  embrace 
more  than  2,560  acres  in  a reasonably 
compact  area,  except  where  a depar- 
ture is  occasioned  by  an  irregular  sub- 


division or  subdivisions,  entirely  within 
an  area  of  six  miles  square  or  within  an 
area  not  exceeding  six  surveyed  or  pro- 
tracted sections  in  length  or  width  meas- 
ured in  cardinal  directions.  Where  a de- 
parture is  occasioned  by  an  irregular 
subdivision,  the  leased  acreage  may  ex- 
ceed 2,560  acres  by  an  amount  which  is 
smaller  than  the  amount  by  which  the 
area  would  be  less  than  2,560  acres  if  the 
irregular  subdivision  were  excluded.  No 
lease  will  be  issued  for  less  than  640  acres, 
except  at  the  discretion  of  the  Secretary, 
or  where  a departure  is  occasioned  by 
an  irregular  subdivision,  or  as  provided 
for  in  Subpart  3230  of  this  chapter.  In 
event  of  a departure,  the  leased  acreage 
may  be  less  than  640  acres  by  amount 
which  is  smaller  than  the  amount  by 
which  the  area  would  be  more  than  640 
acres  if  the  irregular  subdivision  were 
added. 

§ 3203.3  Consolidation  of  leases. 

Two  or  more  contiguous  leases  issued 
to  the  same  lessee  may  be  consolidated 
if  the  total  combined  acreage  does  not 
exceed  2,560  acres.  Except  where  a de- 
exceed  2,560  acres,  except  where  a larger 
acreage  is  caused  by  an  irregular  sub- 
division or  subdivisions  as  stated  in 
§ 3203.2. 

§ 3203.4  Description  of  lands. 

Applications  and  nominations  si  all  in- 
clude a description  of  the  lands  sought 
to  be  included  in  a geothermal  lease.  If 
the  lands  have  been  surveyed  under  the 
public  land  rectangular  system,  each  ap- 
plication or  nomination  shall  describe 
the  lands  by  legal  subdivision,  section, 
township,  and  range.  If  the  lands  have 
not  been  so  surveyed,  each  application 
shall  describe  the  lands  by  metes  and 
bounds,  giving  courses  and  distances  be- 
tween the  successive  angle  points  on  the 
boundary  of  the  tract,  and  connected  by 
courses  and  distances  to  a monument  or 
to  a prominent  topographic  feature. 
When  protracted  surveys  have  been  ap- 
proved and  the  effective  date  thereof 
published  in  the  Federal  Register,  each 
application  or  nomination  for  lands 
shown  on  such  protracted  surveys,  filed 
on  or  after  such  effective  date,  shall 
describe  the  lands  according  to  the  legal 
subdivision,  section,  township,  and  range 
shown  on  the  approved  protracted 
surveys. 

§ 3203.5  Diligent  exploration. 

Each  geothermal  lease  will  include 
provisions  for  the  diligent  exploration  of 
the  leased  resources  until  there  is  pro- 
duction in  commercial  quantities  appli- 
cable to  the  lands  subject  to  the  lease, 
and  failure  to  perform  such  exploration 
may  subject  the  lease  to  termination. 
Diligent  exploration  means  exploration 
operations  (subsequent  to  the  issuance 
of  the  lease)  on,  or  related  to  the  leased 
lands,  including,  but  not  limited  to,  op- 
erations such  as  geochemical  surveys, 
heat  flow  measurements,  core  drilling, 
or  drilling  of  a test  well.  Exploration 
operations,  in  order  to  qualify  as  diligent 
exploration,  must  be  approved  by  the 
Supervisor,  and  evidence  of  all  expendi- 
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tures  therefor  and  the  results  thereof 
must  be  submitted  annually  to  the 
Supervisor  In  compliance  with  applicable 
regulations  and  -Geothermal  Resources 
Operational  Orders  or  upon  his  request. 
Moreover,  after  the  fifth  year  of  the 
primary  lease  term,  exploration  opera- 
tions, In  order  to  qualify  as  diligent  ex- 
ploration for  a year,  must  entail  ex- 
penditures during  that  year  equal  to' at 
least  two  times  the  sum  of  fa)  the  mini- 
mum annual  rental  required  by  statute, 
and  <b)  the  amount  of  rental  for  that 
year  in  excess  of  the  fifth  year's  rental, 
but  In  no  event  shall  the  required  ex- 
penditures exceed  twloe  the  rental  for  the 
10th  year.  However,  any  expenditures  for 
diligent  operations  during  the  first  5 
years  of  the  lease  and  any  expenditures 
for  diligent  operations  during  any  sub- 
sequent year  in  excess  of  the  minimum 
required  expenditures  for  that  year  may 
be  credited,  in  such  proportions  as  the 
lessee  may  designate,  against  (1)  ex- 
penditures needed  to  qualify  exploration 
operations  as  diligent  operations  for  fu- 
ture years,  or  (2)  any  rental  requirement 
for  that  or  any  future  years  in  excess 
of  the  fifth  year’s  rental  pursuant  to 
§ 3205.3-3. 

Subpart  3204 — Surface  Management 
Requirements,  Special  Requirements 

§ 3204.1  General. 

A lessee  shall  comply  with  and  be 
bound  by  the  following  general  terms  and 
conditions,  the  specific  requirements 
contained  in  the  lease  stipulations  and 
any  GRO  orders  that  may  be  Issued  pur- 
suant to  30  CPR  270.11.  Assuring  com- 
pliance with  the  requirements  of  this 
section  Is  the  responsibility  of  the  Super- 
visor as  to  the  lands  within  the  area  of 
operations  and  Is  the  responsibility  of 
the  appropriate  land  management 
agency  as  to  the  remaining  lands  in  the 
lease. 

(a)  Equal  employment  opportunity. 
The  lessee  shall  comply  with  Executive 
Order  11246,  as  amended,  30  F.R.  12319 
(1965),  and  regulations  Issued  pursuant 
thereto,  41  CFR  Chapter  60  and  Part  17 
of  this  chapter, 

(b)  Public  access.  (1)  The  lessee  shall 
permit  free  and  unrestricted  public  ac- 
cess to  and  upon  the  leased  lands  for  all 
lawful  and  proper  purposes  except  In 
areas  where  such  access  would  unduly 
Interfere  with  operations  under  the  lease 
or  would  constitute  a hazard  to  health 
and  safety.  Restrictions  on  access  will 
not  be  allowed  without  prior  approval. 

(2)  During  construction,  the  lessee 
shall  regulate  public  access  and  vehicu- 
lar traffic  to  protect  the  public,  wildlife, 
and  livestock  from  hazards  associated 
with  the  project.  For  this  purpose,  the 
lessee  shall  provide  warnings,  fencing, 
flag  men,  barricades,  and  other  safety 
measures  as  appropriate. 

(c)  Pollution  abatement.  The  lessee 
shall  comply  with  all  Federal  and  State 
standards  with  respect  to  the  oontrol  of 
all  forms  of  air,  land,  water,  and  noise 
pollution,  Including,  but  not  limited  to, 
the  control  of  erosion  and  the  disposal 
of  liquid,  solid,  and  gaseous  wastes.  The 


Supervisor  may,  In  his  discretion,  estab- 
lish additional  and  more  stringent 
standards,  and,  if  he  does  so,  the  lessee 
shall  comply  with  those  standards.  The 
lessee,  in  addition  to  any  other  action 
required  by  those  standards,  shall  take 
the  following  specific  actions: 

(1)  Pesticides  and  herbicides.  The  les- 
see shall  comply  with  all  rules  Issued  by 
the  Department  of  the  Interior  and  the 
Environmental  Protection  Agency  per- 
taining to  the  use  of  poisonous  substances 
on  public  lands. 

(2)  Water  pollution,  The  lessee  shall 
conduct  lease  operations  and  mainte- 
nance in  a manner  consistent  with  Fed- 
eral and  State  water  quality  standards 
and  public  health  and  safety  standards. 
Toxic  materials  shall  not  be  released  into 
any  surface  waters  or  underground 
waters.  Reinjection  of  waste  geothermal 
fluids  into  geothermal  or  other  suitable 
aquifers  may  be  permitted  when  ap- 
proved by  the  Supervisor, 

(3)  Air  pollution.  The  lessee  shall  con- 
trol emissions  from  operations  in  accord- 
ance with  Federal  and  State  air  quality 
standards. 

(4)  Erosion  control.  The  lessee  shall 
minimize  disturbance  to  vegetation, 
drainage  channels,  and  streambanks. 
The  lessee  shall  employ  such  soil  and 
resource  conservation  and  protection 
measures  on  the  leased  lands  as  the  Sup- 
ervisor deems  necessary. 

(6)  Noise  control.  The  lessee  shall 
control  noise  emissions  from  operations. 

(d)  Sanitation  and  waste  disposal.  The 
lessee  shall  remove  or  dispose  of  all  waste 
generated  in  connection  with  the  opera- 
tion In  a manner  acceptable  to  the 
Supervisor.  The  term  "waste”  as  used  In 
this  stipulation  means  all  discarded  mat- 
ter, including  but  not  limited  to  human 
waste,  trash,  garbage,  refuse,  petroleum 
products,  and  waste  material  resulting 
from  the  extraction  and  processing 
operation. 

(e)  Land  subsidence,  seismic  activity. 
The  lessee  shall  take  precautions  neces- 
sary to  minimize  land  subsidence  or 
seismic  activity  which  could  result  from 
production  of  geothermal  resources  and 
the  disposal  of  waste  fluid  where  such 
activity  could  damage  or  curtail  the  use 
of  the  geothermal  resources  or  other  re- 
sources, or  other  uses  of  the  land  and 
take  such  measures  as  stipulated  to: 
(1)  monitor  operations  for  land  subsid- 
ence and  for  seismic  activity;  and  (2) 
maintain,  and  when  requested,  make 
available  to  the  lessor,  records  of  all 
monitoring  activities. 

(f)  Aesthetics.  The  lessee  shall  take 
aesthetics  into  account  In  the  planning, 
design,  and  construction  of  facilities  on 
the  leased  premises. 

(g)  Fish  and  wildlife.  The  lessee  shall 
employ  such  measures  as  are  deemed 
necessary  to  protect  fish  and  wildlife 
and  their  habitat. 

(h)  Antiquities  and  historical  sites. 
The  lessee  shall  conduct  activities  on  dis- 
covered, known  or  suspected  archeolog- 
ical, paleontological,  or  historical  sites 
In  accordance  with  lease  terms  or  speclflo 
Instructions. 


(1)  Restoration.  The  lessee  shall  pro- 
vide for  the  restoration  of  all  disturbed 
lands  In  an  approved  manner. 

(J)  The  lessee  shall  submit  semi-an- 
nual reports  to  the  authorized  officer  on 
compliance  with  the  requirements  of 
paragraphs  (b)-(l)  of  this  section  and 
on  any  significant  environmental  dam- 
age suffered  by  the  lands  subject  to  his 
lease.  However,  if,  after  operations  have 
begun,  the  lessee  is  required  to  submit  a 
similar  report  under  30  CFR  270.76,  he 
may  fulfill  the  requirement  of  this  sub- 
section by  submitting  to  the  authorized 
officer  a copy  of  that  report. 

§ 3204.2  Waste  prevention. 

All  leases  shall  be  subject  to  the  con- 
dition that  the  lessee  will,  in  conducting 
hU  exploration,  development,  and  op- 
erations, use  all  reasonable  precautions 
to  prevent  waste  of  geothermal  resources 
and  other  resources  found  or  developed 
in  the  leased  lands. 

g 3204.3  Readjustment  of  terms  and 
conditions. 

(a)  (1)  Except  as  otherwise  provided 
by  law,  the  terms  and  conditions  of  any 
geothermal  lease  may  be  readjusted  as 
determined  by  the  authorized  officer  at 
not  less  than  10-year  Intervals  beginning 
10  years  after  the  date  geothermal  steam 
Is  produced.  Each  lease  shall  provide  for 
such  readjustments. 

(2)  The  authorized  officer  shall  give 
notice  to  the  lessee  of  any  proposed  read- 
justment of  the  terms  and  conditions  of 
the  lease  and  the  nature  thereof,  and  un- 
less the  lessee  files  with  the  authorized 
officer  an  objection  to  the  proposed  terms 
and  conditions  or  relinquishes  the  lease 
within  30  days  after  receipt  of  such  no- 
tice, the  lessee  shall  be  deemed  conclu- 
sively to  have  agreed  to  such  terms  and 
conditions.  If  the  lessee  files  objections, 
and  agreement  cannot  be  reached  be- 
tween the  authorized  officer  and  the  les- 
see within  a period  of  60  days,  the  lease 
may  be  terminated  by  either  party,  sub- 
ject to  the  provisions  of  g 3000.4  of  this 
chapter.  If  the  lessee  files  objections  to 
the  proposed  readjusted  terms  and  con- 
ditions, the  existing  terms  and  condi- 
tions, except  for  those  concerning  rental 
and  royalty  rates,  will  remain  in  effect 
until  there  has  been  an  agreement  be- 
tween the  authorized  officer  and  the  les- 
see on  the  new  terms  and  conditions  to 
be  applied  to  the  lease  or  until  the  lease  Is 
terminated.  The  readjustment  of  any 
terms  concerning  rental  and  royalty 
rates  will  be  subject  to  g 3206.3. 

(b)  Any  readjustment  of  the  terms 
and  conditions  of  any  lease  of  lands 
withdrawn  or  acquired  in  aid  of  a func- 
tion of  a Federal  department  or  agency 
may  be  made  only  with  the  approval  of 
that  other  agency. 

g 3204.4  Reservation  to  the  United 
State*  of  oil,  hydrocarbon  go*,  and 
helium. 

The  United  States  reserves  the  owner- 
ship of  and  the  right  to  extract  oil,  hy- 
drocarbon gas,  and  helium  from  all  geo- 
thermal resources  produced  from  lands 
leased  under  the  Act.  Whenever  the  right 
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to  extract  oil,  hydrocarbon  gas,  and  he- 
lium, from  geothermal  resources  pro- 
duced from  such  lands  is  exercised,  it 
shall  be  exercised  so  as  to  cause  no  sub- 
stantial interference  with  the  produc- 
tion of  geothermal  resources  from  such 
lands. 

§ 3204.5  Compensation  for  drainage; 
compensatory  royalty. 

(a)  Upon  a determination  by  the  Su- 
pervisor that  lands  owned  by  the  United 
States  are  being  drained  of  geothermal 
resources  by  wells  drilled  on  adjacent  or 
cornering  lands,  the  authorized  officer 
may  execute  agreements  with  the  owners 
of  adjacent  or  cornering  lands  whereby 
the  United  States,  or  the  United  States 
and  its  lessees,  shall  be  compensated  for 
such  drainage,  such  agreements  to  be 
made  with  the  consent  of  any  lessee  af- 
fected thereby.  The  precise  nature  of  any 
agreement  will  depend  on  the  conditions 
and  circumstances  involved  in  the  par- 
ticular case. 

(b)  Where  land  in  any  lease  is  being 
drained  of  its  geothermal  resources  by  a 
well  either  on  a Federal  lease  issued  at  a 
lower  rate  of  royalty  or  on  land  not  the 
property  of  the  United  States,  the  lessee 
must  drill  and  produce  all  wells  necessary 
to  protect  the  leased  lands  from  drain- 
age. In  lieu  of  drilling  such  wells,  the 
lessee  may,  with  the  consent  of  the  Su- 
pervisor, pay  compensatory  royalty  in  the 
amount  determined  in  accordance  with 
30  CFR  Part  270. 

§ 3204.6  Patented  lands. 

The  terms  and  conditions  of  any  geo- 
thermal resource  lease  for  lands  conveyed 
by  the  United  States  subject  to  a reser- 
vation to  the  United  States  of  geother- 
mal resources  may  be  readjusted  upon 
notification  to  the  surface  owner. 

Subpart  3205 — Service  Charges, 
Rentals  and  Royalties. 

§ 3205.1  Payments. 

§ 3205.1—1  Form  of  remittance. 

Remittances  required  under  these  reg- 
ulations may  be  made  by  cash  payment, 
check,  certified  check,  bank  draft,  bank 
cashier’s  check,  or  money  order.  All  re- 
mittances will  be  deposited  as  received. 

§ 3205.1—2  Where  submitted. 

(a)  Rentals  on  nonproducing  leases. 
Rentals  under  all  nonproducing  leases 
issued  shall  be  paid  at  the  proper  BLM 
office.  All  remittances  to  the  Bureau  of 
Land  Management  shall  be  made  payable 
to  the  Bureau  of  Land  Management. 

(b)  Other  payments.  All  royalties  on 
producing  leases,  communitized  leases  in 
producing  well  units,  unitized  leases  in 
producing  unit  areas,  leases  on  which 
compensatory  royalty  is  payable  and  all 
payments  under  easements  for  direc- 
tional drilling  are  to  be  paid  to  the 
Supervisor.  All  remittances  to  the  Su- 
pervisor shall  be  made  payable  to  the 
U.S.  Geological  Survey. 

§ 3205.2  Service  charges. 

(a)  Competitive  lease  applications.  No 
service  charge  is  required. 


(b)  Noncompetitive  lease  applications. 
Applications  for  noncompetitive  leases 
must  be  accompanied  by  a nonrefunda- 
ble  service  charge  of  $50  for  each 
application. 

(c)  Assignments.  Applications  for  ap- 
proval of  an  assignment  of  a lease  or 
interest  therein  must  be  accompanied  by 
a nonrefundable  service  charge  of  $50  for 
each  application. 

(d)  Nominations.  No  service  charge  is 
required. 

§ 3205.3  Rentals  and  royalties. 

§ 3205.3—1  Payment  with  application. 

Each  application,  except  an  applica- 
tion filed  pursuant  to  Subpart  3221, 
of  this  part,  must  be  accompanied 
by  payment  of  the  first  year’s  rental  of 
not  less  than  $1  per  acre  or  fraction 
thereof  based  on  the  total  acreage  in- 
cluded in  the  application.  An  application 
accompanied  by  a payment  of  the  first 
year’s  rental  which  is  deficient  by  not 
more  than  10  percent  will  be  approved  by 
the  authorized  officer  provided  all  other 
requirements  are  met,  but,  if  the  addi- 
tional rental  is  not  paid  within  30  days 
from  notice,  the  application  or  the  lease, 
if  issued,  will  be  canceled. 

§ 3205.3—2  Payment  of  annual  rental. 

(a)  Annual  rental  in  the  amount  spec- 
ified in  the  lease  which  shall  be  not  less 
than  $1  per  acre  or  fraction  thereof  must 
be  paid  in  advance  and  must  be  received 
by  the  proper  BLM  office  on  or  before 
the  anniversary  date  of  the  lease.  If  there 
is  no  well  on  the  leased  lands  capable  of 
producing  geothermal  resources  in  com- 
mercial quantities,  the  failure  to  pay 
rental  on  or  before  the  anniversary  date 
shall  terminate  the  lease  by  operation  of 
law,  except  as  provided  by  $ 3245.2. 

(b)  If,  on  the  anniversary  date  of  the 
lease,  less  than  a full  year  remains  in 
the  lease  term,  the  rentals  shall  be  pay- 
able in  the  same  proportion  as  the  period 
remaining  in  the  lease  term  is  to  a full 
year.  The  rentals  shall  be  prorated  on  a 
monthly  basis  for  the  full  months,  and 
on  a daily  basis  for  the  fractional  month 
remaining  in  the  lease  term.  For  the  pur- 
pose of  prorating  rentals  for  a fractional 
month,  each  month  •will  be  deemed  to 
consist  of  30  days. 

(c)  If  the  term  of  a lease  for  which 
prorated  rentals  have  been  paid  is  fur- 
ther extended  to  or  beyond  the  next  an- 
niversary date  of  the  lease,  rentals  for 
the  balance  of  the  lease  year  shall  be  due 
and  payable  on  the  1st  day  of  the  first 
month  following  the  date  through  which 
the  prorated  rentals  were  paid.  If  the 
rentals  are  not  paid  for  the  balance  of 
the  lease  year,  the  lease  will  be  subject 
to  cancellation.  However,  if  the  anniver- 
sary date  occurs  before  the  end  of  the 
notice  period,  the  rental  for  the  follow- 
ing lease  year  shall  nevertheless  be  due 
on  the  anniversary  date  and  failure  to 
pay  the  full  rental  for  that  year  on  or 
before  that  date  shall  cause  the  lease 
to  terminate  automatically  by  operation 
of  law  except  as  provided  by  $ 3245.2.  The 
lessee  shall  not  be  relieved  of  liability 
for  rental  due  for  the  balance  of  the 
previous  lease  year. 


(d)  If  the  payment  is  due  on  a day  in 
which  the  proper  BLM  office  to  receive 
payment  1s  not  open,  payment  received 
on  the  next  official  working  day  will  be 
deemed  to  be  timely. 

§ 3205.3—3  Escalating  rental  rates. 

To  encourage  the  orderly  and  timely 
development  of  geothermal  leases,  all 
leases  issued  pursuant  to  the  regulations 
in  this  Group  will  provide  that,  begin- 
ning with  the  sixth  year  and  for  each 
year  thereafter  until  the  lease  year  be- 
ginning on  or  after  the  commencement 
of  production  of  geothermal  resources  in 
commercial  quantities,  the  rental  will  be 
set  by  the  authorized  officer  as  the 
amount  of  rental  for  the  preceding  year 
plus  an  additional  rental  of  $1  per  acre, 
but  the  authorized  officer  may,  upon  a 
showing  of  sufficient  justification  by  the 
lessee,  waive  the  payment  of  all  or  any 
portion  of  the  additional  rental. 

§ 3205.3—4  Fractional  interests. 

Rentals,  minimum  royalties,  and  roy- 
alties payable  for  lands  in  which  the 
United  States  owns  an  undivided  frac- 
tional Interest  shall  be  in  the  same  pro- 
portion to  the  rentals,  minimum  royal- 
ties, and  royalties  provided  for  in 
§ 3205.3,  as  the  undivided  fractional  in- 
terest of  the  United  States  in  the  geq- 
thermal  resources  is  to  the  full  geother- 
mal resources  interest. 

§ 3205.3—5  Royalty  on  production. 

Royalty  shall  be  paid  at  the  following 
rates  on  geothermal  resources : 

(a)  A royalty,  as  set  forth  in  the  lease, 
of  not  less  than  10  per  centum  and  not 
more  than  15  per  centum  of  the  amount 
or  value  of  steam,  or  any  other  form  of 
heat  or  energy  derived  from  production 
under  the  lease  and  sold  or  utilized  by  the 
lessee  or  reasonably  susceptible  to  sale  or 
utilization  by  the  lessee;  (b)  a royalty, 
as  set  forth  in  the  lease,  of  not  more  than 
5 per  centum  of  any  byproduct  derived 
from  production  under  the  lease  and  sold 
or  utilized  or  reasonably  susceptible  of 
sale  or  utilization  by  the  lessee,  except 
that  as  to  any  byproduct  which  is  a min- 
eral named  in  section  1 of  the  Mineral 
Leasing  Act  of  February  25,  1920,  as 
amended  (30  U.S.C.  181) , the  rate  of  roy- 
alty for  such  mineral  shall  be  the  same 
as  that  provided  in  that  Act  and  the 
maximum  rate  of  royalty  for  such  min- 
eral shall  not  exceed  the  maximum  roy- 
alty applicable  under  that  Act;  (c)  In  no 
event  shall  the  royalty  on  any  producing 
lease  for  any  lease  year,  commencing 
with  the  lease  year  beginning  on  or  after 
the  commencement  of  production  in 
commercial  quantities,  be  less  than  $2  per 
acre  or  fraction  thereof,  and  this  mini- 
mum royalty,  in  lieu  of  rental,  shall  be 
payable  at  the  expiration  of  each  lease 
year. 

§ 3205.3—6  Royalty  on  commercially  de- 
mineralized water. 

All  geothermal  leases  issued  pursuant 
to  the  provisions  of  this  group  shall  pro- 
vide for  the  payment  to  the  lessor  of  a 
royalty  on  commercially  demineralized 
water  at  a rate  to  be  specified  in  the 
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lease  of  not  more  than  5 per  centum  of 
the  value  of  such  commercially  demin- 
eralized water  that  has  beeen  sold  or 
utilized  by  the  lessee  or  is  reasonably 
susceptible  of  sale  or  utilization  by  the 
lessee,  except  that  no  payment  of  a roy- 
alty will  be  required  on  such  water  if  it 
is  used  in  plant  operation  for  cooling  or 
in  the  generation  of  electric  energy  or 
otherwise. 

§ 3205.3—7  Waiver,  suspension  or  reduc- 
tion of  rental  or  royalty. 

(a)  The  authorized  officer  may  waive, 
suspend,  or  reduce  the  rental  or  royalty 
for  any  lease  or  portion  thereof  in  the 
interests  of  conservation  and  to  encour- 
age the  greatest  ultimate  recovery  of 
geothermal  resources  if  he  determines 
that  this  is  necessary  to  promote  devel- 
opment or  that  the  lease  cannot  be  suc- 
cessfully operated  under' the  lease  terms. 
No  waiver,  suspension  or  reduction  of 
rental  or  royalty  will  be  granted  where 
the  only  reason  for  the  request  for  such 
relief  is  the  unavailability  of  power  gen- 
erating facilities  to  utilize  the  geo- 
thermal steam. 

(b)  An  application  hereunder  shall  be 
filed  in  triplicate  with  the  Supervisor, 
and  must:  (1)  Contain  the  serial  number 
of  the  leases  and  the  names  of  the  lessee 
and  operator:  (2)  show  the  number,  lo- 
cation, and  status  of  each  well  that  has 
been  drilled,  a tabulated  statement  for 
each  month  covering  a period  of  not  less 
than  6 months  prior  to  the  date  of  filing 
the  application  of  the  aggregate  amount 
of  production  subject  to  royalty  com- 
puted in  accordance  with  the  operating 
regulations,  the  number  of  wells  counted 
as  producing  each  month,  and  the  aver- 
age production  per  well  per  day ; (3)  con- 
tain a detailed  statement  of  expenses  and 
costs  of  operating  the  lease,  the 
income  from  the  sale  of  any  leased  prod- 
ucts and  all  facts  tending  to  show 
whether  the  wells  can  be  successfully 
operated  using  the  royalty  or  rental  fixed 
in  the  lease;  and  (4)  where  the  applica- 
tion is  for  a reduction  in  royalty,  furnish 
full  information  as  to  whether  royalties 
or  payments  out  of  production  are  paid 
to  others  than  to  the  United  States,  the 
amounts  so  paid,  and  the  efforts  made 
to  reduce  them.  The  applicant  must  also 
file  agreements  of  the  holders  to  a com- 
parable reduction  of  all  other  royalties 
from  the  leasehold  to  an  aggregate  not 
In  excess  of  one-half  the  Government 
royalties. 

§ 3205.3—8  Application  for  and  effect  of 
suspension  of  operations  and  produc- 
tion. 

(a)  Applications  by  lessees  for  suspen- 
sions of  operations  or  production,  or 
both,  under  a producing  ..geothermal 
lease  (or  for  relief  from  any  drilling  or 
producing  requirements  of  such  a lease) 
shall  be  filed  in  triplicate  with  the  Su- 
pervisor, who  Is  authorized  to  act  on 
applications  filed  pursuant  to  this  section 
and  to  terminate  suspensions  which  have 
been  or  may  be  granted.  Complete  in- 
formation must  be  furnished  showing  the 
necessity  of  the  relief  sought. 

(b)  A suspension  shall  take  effect  as 


of  the  time  specified  in  the  order  of  the* 
Supervisor.  Rental  or  minimum  royalty 
payments  will  be  suspended  diu-ing  any 
period  of  suspension  of  all  operations  and 
production  directed,  or  assented  to,  by 
the  Supervisor,  beginning  with  the  first 
day  of  the  lease  month  in  which  the 
suspension  of  operations  and  production 
becomes  effective  or,  if  the  suspension  of 
operations  and  production  becomes  ef- 
fective on  any  date  other  than  the  first 
day  of  a lease  month,  beginning  with  the 
first  day  of  the  lease  month  following 
such  effective  date.  The  suspension  of 
rental  or  minimum  royalty  payments 
shall  end  on  the  first  day  of  the 
lease  month  in  which  operations  or 
production  is  resumed.  Where  rentals 
are  creditable  against  royalties  and 
have  been  paid  in  advance,  proper 
credit  will  be  allowed  on  the  next  rental 
or  royalty  due  under  the  lease. 

(c)  No  lease  shall  be  deemed  to  expire 
by  reason  of  a suspension  of  either  oper- 
ations or  production,  pursuant  to  any 
order  or  assent  of  the  Supervisor. 

(d)  If  there  is  a well  on  the  leased 
premises  capable  of  producing  geother- 
mal resources  and  all  operations  and 
production  are  suspended  pursuant  to 
any  order  of  the  Supervisor,  approval  of 
recommencement  of  drilling  operations 
will  terminate  the  suspension  as  to  oper- 
ations but  not  as  to  production,  and  will 
terminate  both  the  period  of  suspension 
of  rental  and  minimum  royalty  pay- 
ments provided  in  paragraph  (b)  of  this 
section  and  the  period  of  suspension  for 
which  an  equivalent  extension  will  be 
granted.  However,  as  provided  in  para- 
graph (c)  of  this  section,  the  lease  will 
not  be  deemed  to  expire  so  long  as  the 
suspension  of  operations  or  production 
remains  in  effect. 

(e)  The  relief  authorized  under  this 
section  may  also  be  obtained  for  any 
leases  included  within  an  approved  unit 
or  cooperative  plan  of  development  and 
operation. 

(f)  See  30  CFR  270.17  for  regulations 
concerning  action  of  the  Supervisor  on 
applications  filed  pursuant  to  this 
section. 

§ 3205.3—9  Readjustments. 

The  rentals  and  royalties  of  any  geo- 
thermal lease  may  be  readjusted  at  not 
less  than  20-year  intervals  beginning  35 
years  after  the  date  geothermal  steam 
is  produced  as  determined  by  the  Super- 
visor. In  the  event  of  any  such  read- 
justment neither  the  rental  nor  royalty 
paid  during  the  preceding  period  shall 
be  Increased  by  more  than  50  per  centum, 
and  in  no  event  shall  the  royalty  payable 
exceed  22 '/2  per  centum.  Each  geothermal 
lease  shall  provide  for  such  readjustment. 
The  Supervisor  will  give  notice  of  any 
proposed  readjustment  of  rental  or 
royalties.  Unless  the  lessee  relinquishes 
the  lease  within  30  days  after  receipt  of 
such  notice,  he  shall  conclusively  be 
deemed  to  have  agreed  to  such  terms 
and  conditions.  If  the  lessee  files  a pro- 
test, and  no  agreement  can  be  reached 
between  the  authorized  officer  and  the 
lessee  within  a period  of  60  days,  the 
lease  may  be  terminated  by  either  party, 


subject  to  the  provisions  of  5 3000.4  of 
this  chapter.  If  the  lessee  files  a protest 
to  the  proposed  Readjusted  terms  and 
conditions,  the  existing  terms  and  con- 
ditions will  remain  in  effect  until  there 
has  been  an  agreement  between  the  au- 
thorized officer  and  the  lessee  on  the  new 
terms  and  conditions  to  be  applied  to  the 
lease  or  until  the  lease  is  terminated, 
except  payments  of  any  proposed  read- 
justed rentals  and  royalties  must  be  paid 
in  the  timely  manner  prescribed  in  these 
regulations  and  may  be  paid  under  pro- 
test. The  readjusted  terms  and  con- 
ditions will  be  effective  as  of  the  end  of 
the  term  being  adjusted. 

§ 3205.4  Rental  ind  minimum  roynlt 
liability  of  lands  committed  to  coop 
erative  or  unit  plans. 

§ 3205.4—1  Prior  to  production. 

All  lands  within  any  lease  comx.utted 
to  an  approved  cooperative  or  unit  plan 
shall  at  all  times  prior  to  production 
on  any  of  the  lands  so  committed  remain 
liable  for  rental  in  accordance  with 
§ 3205.3-3. 

§ 3205.4—2  After  production. 

As  soon  as  production  is  obtained  on 
or  for  any  lands  included  in  an  approved 
cooperative  or  unit  plan  those  lands 
which  are  included  within  the  partici- 
pating area  of  the  producing  well  shall 
become  liable  for  royalties  in  accord- 
ance with  Subpart  3205.  All  other  unit- 
ized lands,  shall  remain  liable  for  rental 
in  accordance  with  S 3205.3-3. 

Subpart  3206— Lease  Bonds 

§ 3206.1  Types  of  bonds  and  filing. 

§ 3206.1—1  Typps  of  bonds. 

(a)  Bonds  shall  be  either  corporate 
surety  bonds  or  personal  bonds  except 
that  bonds  with  Individual  sureties  may 
be  furnished  for  the  protection  of  the 
entryman  or  owner  of  the  surface  rights. 

(b)  Lease  compliance  bond.  The  ap- 
plicant for  a noncompetitive  lease  or  the 
successful  bidder  for  a competitive  lease 
must  furnish,  prior  to  the  issuance  of  the 
lease,  and  thereafter  maintain  a cor- 
porate surety  bond  of  not  less  than 
$10,000  conditioned  on  compliance  with 
all  the  terms  of  the  lease. 

(c)  Protection  bond.  A lessee  will  be 
required  prior  to  entry  on  the  leased 
lands  to  furnish  and  maintain  a bond 
of  not  less  than  $5,000  for  indemnifica- 
tion for  all  damages  occasioned  to  per- 
sons or  property  as  the  result  of  lease 
operations. 

§ 3206.1—2  Filing  of  bonds. 

A single  original  copy  of  the"  bond  on 
forms  approved  by  the  Director  must  be 
filed  in  the  propeir  BLM  office.  Bonds  may 
be  filed  with  a noncompetitive  lease  ap- 
plication to  expedite  action  thereon, 
or  within  30  days  after  receipt  of  notice 
by  the  applicant  of  the  bond  requirement, 
or  as  required  and  directed  by  the  au- 
thorized officer.  )Por  unit  bond  forms  see 
30  CFR  Part  271J 


FEDERAL  REGISTER,  VOL.  3B,  NO.  140 — MONDAY,  JULY  -23,  1973 

III-ls 


PROPOSED  RULES 


19757 


§ 3206.2  Termination  of  period  of  lia- 
bility. 

The  period  of  liability  of  any  bond 
will  not  be  terminated  until  all  lease 
terms  and  conditions  have  been  fulfilled. 

§ 3206.3  Operators  bond. 

An  operator,  or,  if  there  are  more  than 
one  for  different  portions  of  the  lease, 
each  operator,  shall  furnish  a corporate 
surety  bond  or  bonds  in  an  amount  pre- 
scribed by  the  Supervisor. 

§ 3206.4  Qualified  corporate  sureties. 

Treasury  lists.  A list  of  companies 
holding  certificates  of  authority  from 
the  Secretary  of  the  Treasury  under 
the  Act  of  July  30,  1947  (6  U.S.C.  6-13), 
as  acceptable  sureties  on  Federal  bonds 
is  published  in  the  Federal  Register 
annually. 

§ 3206.5  Nationwide  bond. 

In  lieu  of  bonds  required  under  any  of 
the  preceding  paragraphs,  the  holder 
of  leases  or  of  operating  agreements  ap- 
proved by  the  Department  or  holder  of 
operating  rights  by  virtue  of  being  desig- 
nated operator  or  agent  by  the  lessee 
pending  departmental  approval  of  op- 
erating agreements  may  furnish  a bond 
in  an  the  amount  of  which  must  be  not 
lesS  than  for  $150,000  for  full  nationwide 
coverage  for  all  geothermal  leases. 

§ 3206.6  Statewide  bond. 

In  lieu  of  any  of  the  bonds  required  by 
the  preceding  paragraphs,  the  holder  of 
leases  or  of  operating  agreements  ap- 
proved by  the  Department  or  holder  of 
operating  rights  by  virtue  of  being  desig- 
nated operator  or  agent  by  the  lessee 
pending  departmental  approval  of  oper- 
ating agreements,  may  furnish  a state- 
wide bond,  applicable  to  the  State  in 
which  the  leases  are  situated,  the  amount 
of  which  must  be  at  the  rate  of  not  less 
than  $50,000  for  each  unit  of  coverage. 

§ 3206.7  Default. 

§ 3206.7—1  Payment  by  surety. 

Where  upon  a default  the  surety  makes 
payment  to  the  Government  of  any  in- 
debtedness due  under  a lease,  the  face 
amount  of  the  surety  bond  and  the 
surety’s  liability  thereunder  shall  be  re- 
duced by  the  amount  of  such  payment. 

§ 3206.7-2  Penalty. 

Thereafter,  upon  penalty  of  cancella- 
tion of  all  of  the  leases  covered  by  that 
bond,  the  principal  shall  post  a new  na- 
tionwide bond  in  the  amount  of  $150,000 
or  a unit  bond,  as  the  case  may  be,  within 
6 months  after  notice,  or  within  such 
shorter  period  as  the  authorized  officer 
may  fix.  However,  in  lieu  thereof,  the 
principal  may  within  that  time  file  sep- 
arate bonds  for  each  lease. 

§ 3206.8  Applicability  of  provisions  to 
existing  bonds. 

The  provisions  of  these  regulations 
may  be  made  applicable  to  any  oil  and 
gas  nationwide  or  statewide  bond  in 
force  at  the  effective  date  of  these  reg- 
ulations by  filing  in  the  proper  BLM  of- 


fice a written  consent  to  that  effect  and 
an  agreement  to  be  bound  by  the  provi- 
sions hereof  executed  by  the  principal 
and- the  surety.  Upon  receipt  thereof  the 
bond  will  be  deemed  to  be  subject  to  the 
provisions  of  these  regulations. 

Subpart  3207 — [ Reserved  ] 

Subpart  3208 — [ Reserved  ] 

Subpart  3209 — Geothermal  Resources 
Exploration  Operations 

§ 3209.0—1  Purposes. 

(a)  The  purpose  of  the  regulations  in 
this  Subpart  3209  is  to  establish  proce- 
dures to  be  followed  in  conducting  ex- 
ploration operations  on  the  public  land 
for  geothermal  resources.  The  regula- 
tions in  this  subpart  are  not  applicable 
to  exploration  operations  conducted  pur- 
suant to  a geothermal  resources  lease. 

(b)  The  rights  obtained  under  this 
subpart  do  not  include  an  exclusive  right 
to  prospect  for  geothermal  resources  on 
the  land  described  in  a Notice  of  Intent  or 
any  preference  right  to  a geothermal 
resources  lease. 

§ 3209.0—2  Objectives. 

The  objectives  of  the  regulations  in  this 
Subpart  3209  are  to  encourage  explora- 
tion of  the  public  lands  for  geothermal 
resources  in  a manner  that  is  consistent 
with  the  management  policy  set  forth  in 
§ 1725.3  of  this  chapter.  No  exploration 
operations  will  be  allowed  if  the  author- 
ized officer  determines  that  such  explora- 
tion operations  would  be  Inconsistent 
with  that  policy.  The  authorized  officer 
may  suspend  or  terminate  exploration 
operations  upon  due  notice  to  the  opera- 
tor at  any  time  if  he  determines  that 
there  is  non-compliance  with  the  terms 
and  conditions  of  the  notice  of  intent. 

§ 3209.0—5  Definitions. 

As  used  in  this  subpart : 

(a)  “Exploration  operations”  means 
any  activity  relating  to  the  search  for 
evidence  of  geothermal  resources  which 
requires  physical  presence  upon  public 
lands  and  which  may  result  in  damage  to 
public  lands  or  resources  thereon.  It  in- 
cludes, but  is  not  limited  to,  geophysical 
operations,  drilling  of  shallow  tempera- 
ture gradient  wells,  construction  of  roads 
and  trails,  and  cross-country  transit  by 
vehicle  over  public  lands.  It  does  not  in- 
clude the  casual  use  of  public  lands  for 
geothermal  resources  exploration.  It  does 
not  include  core  drilling  for  subsurface 
geologic  information,  except  drilling  of 
shallow  temperature  gradient  wells,  or 
drilling  for  geothermal  resources;  these 
activities  will  be  authorized  only  by  the 
issuance  of  a geothermal  resources  lease. 
The  regulations  in  this  Subpart,  however, 
are  not  intended  to  prevent  drilling 
operations  necessary  for  placing  explo- 
sive charges  for  seismic  exploration,  nor 
do  they  affect  the  exclusive  right  of  a 
lessee  to  drill  for  geothermal  resources 
upon  the  land  subject  to  his  lease. 

(b)  “Notice  of  Intent”  means  a “No- 
tice of  Intent  and  Permit  to  Conduct 
Exploration  Operations  (Geothermal 
Resources) .” 


(c)  “Public  lands”  means  lands  owned 
by  the  United  States  and  administered  by 
the  Bureau  of  Land  Management,  in- 
cluding retained  mineral  interest  in 
lands,  title  to  which  has  passed  from  the 
United  States. 

(d)  “Casual  use”  means  activities  that 
involve  practices  which  do  not  ordinarily 
lead  to  any  appreciable  disturbance  or 
damage  to  lands,  resources,  and  improve- 
ments. For  example,  activities  which  do 
not  involve  use  of  heavy  equipment  or 
explosives  and  which  dp  not  involve  ve- 
hicle movement  except  over  established 
roads  and  trails  are  “casual  use.” 

§ 3209.1  Notice  of  intent  and  permit  to 
conduct  exploration  operations  (Geo- 
thermal Resources). 

§ 3209.1—1  Application. 

(a)  Forms  and  where  filed.  Any  per- 
sons desiring  to  conduct  exploration 
operations  under  the  regulations  of  this 
subpart  shall,  prior  to  entry  upon  the 
lands,  file  for  approval  with  the  author- 
ized officer  for  the  district  in  which  the 
public  lands  are  located  a Notice  of  In- 
tent on  a form  approved  by  the  Directcr. 

(b)  Requirements.  The  Notice  of  In- 
tent will  contain  the  following : 

(1)  The  name  and  address,  including 
zip  code,  both  <-f  the  person,  association, 
or  corporation  for  whom  the  operations 
will  be  conducted  and  of  the  person  who 
will  be  in  charge  of  the  actual  exploration 
activities; 

(2)  A statement  that  the  signers  agree 
that  exploration  operations  will  be  con- 
ducted pursuant  to  the  terms  and  condi- 
tions listed  on  the  approved  form; 

(3)  A brief  description  of  the  type  of 
operations  which  will  be  undertaken; 

(4)  A description  of  the  lands  to  be 
explored  by  township; 

(5)  A map  or  maps,  available  from 
state  or  Federal  sources,  showing  the 
lands  to  be  entered  or  disturbed  by  the 
proposed  exploration  operations;  and 

(6)  The  approximate  dates  of  the 
commencement  and  termination  of  ex- 
ploration operations. 

§ 3209.1—2  Review  of  Nolice  of  Intent. 

The  authorized  officer  will  either  ap- 
prove or  disapprove  a Notice  of  Intent  as 
promptly  as  practicable,  but  in  any  event 
within  30  calendar  days  after  the  date  of 
the  filing  of  the  Notice  of  Intent.  If  the 
authorized  officer  shall  disapprove  a 
Notice  of  Intent,  he  shall  explain  in  writ- 
ing to  the  applicant  the  reasons  for 
disapproval. 

§ 3209.2  Exploration  operations. 

No  exploration  operations  will  be  con- 
ducted on  public  lands  except  pursuant 
to  the  terms  of  a Notice  of  Intent  which 
has  been  approved  by  the  authorized 
officer. 

§ 3209.3  Completion  of  operations. 

Upon  completion  of  the  exploratory 
operations,  there  shall  be  filed  with  the 
authorized  officer  a “Notice  of  Comple- 
tion of  Exploration  Operations.”  Within 
90  days  after  the  filing  of  such  “Notice 
of  Completion,”  the  authorized  officer 
shall  notify  the  party  who  had  conducted 
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the  operatirns  whether  there  has  been 
compliance  with  all  of  the  terms  and 
conditions  set  out  by  the  regulations  in 
this  Subpart  and  in  the  Notice  of  Intent, 
or  whether  any  additional  measures  must 
be  taken  to  rectify  i-jiy  damage  to  the 
land,  specifying  the  nature  and  extent 
thereof. 

§ 3209.4  Bond  requirement. 

§ 3209.4-1  General. 

(a)  Simultaneously  with  the  filing  of 
the  Notice  of  Intent,  and  before  the  entry 
is  made  on  the  land,  the  party  or  parties 
filing  the  Notice  of  Intent  must  file  with 
the  authorized  officer  a surety  company 
bond  for  each  exploration  operation  in 
the  amount  of  not  less  than  $5,000,  con- 
ditioned upon  the  full  and  faithful  com- 
pliance with  all  of  the  terms  and  condi- 
tions of  the  regulations  in  this  Subpart 
and  of  that  Notice  of  Intent. 

(b)  A party  will  be  excused  from  com- 
pliance with  the  requirements  of  para- 
graph (a)  of  this  section  if  he  possesses 
either  a nationwide  bond  in  the  amount 
of  not  less  than  $50,000,  covering  all  ex- 
ploration operations  or  a statewide  bond 
In  the  amount  of  not  less  than  $25,000 
covering  all  exploration  operations  in 
the  State  in  which  the  lands  on  which 
he  has  filed  the  ‘‘Notice  of  Intent”  are 
situated. 

(c)  In  addition  to  the  bond  required 
by  paragraph  (a),  before  entry  is  made 
on  the  land,  the  party  or  parties  filing 
the  ‘‘Notice  of  Intent”  must  furnish  and 
maintain  bonds  in  the  amount  of  not 
less  than  $1,000  for  the  protection  of  each 
owner  or  holder  of  surface  rights  or 
rights  to  surface  resources. 

§ 3209.4—2  Riders  to  existing  bond 
forms. 

Nationwide  and  statewide  bonds. 
Holders  of  nationwide  and  statewide 
oil  and  gas  exploration  bonds  shall 
be  permitted,  in  lieu  of  furnishing  addi- 
tional bonds  other  than  those  required 
by  § 3209.4-Hc) , to  amend  their  bonds 
to  include  geothermal  resources  explora- 
tion operations. 

§ 3209.4—3  Termination  of  period  of 
liability. 

The  authorized  officer  will  not  give 
his  consent  to  the  cancellation  of  the 
bond  if  an  individual  bond  was  submitted 
or  to  the  termination  of  the  period  of 
liability  if  a State  or  nationwide  bond 
was  submitted,  unless  and  until  there 
has  been  compliance  with  all  of  the  terms 
and  conditions  of  the  Notice  of  Intent. 
Should  the  authorized  officer  fail  to  no- 
tify the  party  within  90  days  from  the 
filing  of  ‘‘Notice  of  Completion”  that  all 
terms  and  conditions  have  been  complied 
with  or  that  additional  corrective  meas- 
ures must  be  taken  to  rehabilitate  the 
land,  the  period  of  liability  under  an 
individual  bond  or  the  period  of  liability 
for  a particular  exploration  operation 
under  a State  or  nationwide  bond  shall 
automatically  terminate  on  the  91st  day. 
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Subpart  3210 — Noncompetitive  Leases; 
General 

§ 3210.1  Availability  of  land. 

(a)  Applications  to  lease,  except  for 
those  filed  pursuant  to  Part  3230,  of  this 
chapter,  filed  prior  to  the  effective  date 
of  these  regulations  are  unacceptable 
and  will  be  returned  summarily  without 
earning  any  priority. 

(b)  Lands  and  deposits  subject  to  dis- 
position under  this  part  which  are  not 
within  any  KGRA  will  be  available  for 
leasing  after  the  effective  date  of  these 
regulations.  Lands  which  are  available 
for  noncompetitive  leasing  and  which 
were  Included  in  cancelled,  relinquished, 
expired,  or  terminated  leases  shall  be 
available  for  leasing  only  subject  to  the 
provisions  of  Subpart  3211.  All  other 
lands  available  for  noncompetitive  leas- 
ing will  be  available  for  leasing  only  sub- 
ject to  the  provisions  of  this  Subpart 
3210.  All  applications  to  lease  the  same 
lands  which  are  filed  between  the  effec- 
tive date  of  these  regulations  and  30  days 
following  that  time  will  be  considered 
to  have  been  pied  simultaneously,  and 
the  respective  priority  of  the  various  ap- 
plications will  be  determined  in  accord- 
ance with  S 3210.3.  In  other  respects  the 
first  30  days  after  the  effective  date  of 
these  regulations  shall  be  treated  as  an 
application  filing  period  as  provided  in 
§ 3210.2-2. 

(c)  Final  action  will  not  be  taken 
on  any  application  filed  after  the 
initial  30-day  period  until  final  action 
has  been  taken  on  all  applications  filed 
during  that  period. 

§ 3210.2—1  Application. 

An  application  for  a lease  must  be  filed 
on  a form  approved  by  the  Director  in  the 
proper  BLM  office  in  duplicate  for  pub- 
lic lands  and  in  triplicate  for  acquired 
lands.  The  application  must  be  sub- 
mitted in  a sealed  envelope  marked 
‘‘Application  for  lease  pursuant  to  43 
CFR  3210”.  An  application  will  be  con- 
sidered filed  when  it  is  received  in  the 
proper  office  during  business  hours.  The 
application  must  Include  the  following: 

(a)  The  applicant’s  name  and  ad- 
dress; 

(b)  A statement  of  applicant’s  citizen- 
ship and  qualifications; 


(c)  A complete  and  accurate  descrip- 
tion of  the  lands  applied  for,  which 
mast  include  all  available  lands,  in- 
cluding reserved  geothermal  resources, 
within  a surveyed  or  protracted  section; 

(d)  A proposed  plan  which  shall  in- 
clude: (1)  A map,  or  maps,  available 
from  State  or  Federal  sources,  showing 
the  topography  of  the  land  applied  for, 
on  which  the  applicant  shall  show  drain- 
age patterns,  present  road  and  trail  lo- 
cations, present  utility  systems,  proposed 
road  and  trail  location,  proposed  well 
locations  and  potential  surface  disturb- 
ance, and  (2)  a narrative  statement  set- 
ting forth  his  proposed  plan  and  methods 
for  diligent  exploration.  Such  plan  shall 
provide  for  a program  of  diligent  ex- 
ploration as  defined  in  § 3203.5  of  this 
subchapter. 

The  narrative  statement  shall  also 
describe  the  measures  proposed  to  be 
taken  to  prevent  or  control  fire,  soil  ero- 
sion, pollution  of  surface  and  ground 
water,  damage  to  fish  and  wildlife  or 
other  natural  resources,  air  and  noise 
pollution  and  hazards  to  public  health 
and  safety  during  lease  activities.  How- 
ever, the  proposed  plan  required  by  this 
paragraph  need  not  be  submitted  with 
the  application  during  the  initial  30- 
day  simultaneous  filing  period  provided 
by  § 3210.1(b)  or  during  any  application 
filing  period  pursuant  to  § 3210.2-2,  but 
must  be  submitted  when  required  by  the 
authorized  officer;  and 

(e)  A statement  of  interest,  direct  or 
indirect,  in  other  Federal  geothermal 
leases  or  applications  in  the  same  State. 
Such  total  interest  may  not  exceed 
20,480  acres. 

§ 3210.2—2  Submission  of  applications. 

Except  for  applications  filed  during  the 
first  30  days  after  the  effective  date  of 
these  regulations,  applications  for  leases 
pursuant  to  this  Part  3210  shall  be  sub- 
mitted only  during  application  filing 
periods.  An  application  filing  period 
shall  begin  on  the  first  working  day  of 
each  month  and  shall  end  at  the  close 
of  business  on  the  last  working  day  of 
that  month.  The  first  application  filing 
period  shall  begin  on  the  first  working 
day  of  the  month  following  the  con- 
clusion of  the  initial- 30  day  filing  period 
provided  in  § 3210.1(b).  No  applicant 
shall  file  during  the  same  application 
filing  period  a second  application  which 
overlaps  any  of  the  land  covered  by  his 
first  application.  When  an  application  is 
filed  with  the  authorized  officer,  the  date 
and  time  of  filing  shall  be  stamped  on 
the  envelope.  TTie  envelope  containing 
the  application  shall  remain  sealed  until 
the  end  of  the  application  filing  period 
during  which  the  application  is  filed. 
On  the  first  working  day  following  the 
end  of  the  application  filing  period  all 
applications  shall  be  opened,  and  it  will 
be  determined  which  applications  are  for 
lands  included  in  a KGRA.  In  deter- 
mining whether  land  included  in  an 
application  is  a KGRA  because  of  com- 
petitive interest,  no  application  sub- 
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mitted  during  any  subsequent  application 
filing  period  will  be  considered.  Appli- 
cations for  land  determined  to  be  KGRA 
will  be  rejected.  All  other  applications 
will  be  assigned  priority  according  to  the 
date  and  time  of  filing.  If  any  application 
covers  both  land  within  a KGRA  and 
land  outside  a KGRA,  the  applicant  will 
be  granted  the  opportunity  to  amend  his 
application  to  exclude  the  portion  in- 
cluded in  a KGRA,  and  his  amended 
application  will  be  assigned  priority  ac- 
cording to  the  date  and  time  of  filing  of 
his  original  application,  but  must  com- 
ply with  all  other  requirements  of  these 
regulations. 

§ 3210.2—3  ' Withdrawal  of  application 

An  application  may  not  be  withdrawn, 
either  in  whole  or  in  part,  unless  the  re- 
quest is  received  by  the  proper  BLM  of- 
fice before  the  lease  or  an  amendment 
of  the  lease,  whichever  covers  the  land 
described  in  the  withdrawal,  has  been 
signed  on  behalf  of  the  United  States 
even  though  the  effective  date  of  the 
lease  is  subsequent  to  the  date  of  filing 
of  the  withdrawal,  except  where  a sepa- 
rate conflicting  lease  has  been  signed  on 
behalf  of  the  United  States  covering  the 
land  described  in  the  withdrawal. 

§ 3210.2—4  Amendment  to  lease. 

If  any  of  the  land  applied  tor  was  open 
to  filing  when  the  application  was  filed 
but  is  omitted  from  the  lease  for  any  rea- 
son and  thereafter  becomes  available  for 
noncompetitive  leasing,  the  original  lease 
will  be  amended  to  include  the  omitted 
land  unless,  before  the  issuance  of  the 
amendment,  the  proper  BLM  office  re- 
ceives a withdrawal  of  the  lessee’s  ap- 
plication with  respect  to  such  land  or 
such  omitted  lands  have  been  determined 
to  be  within  a KGRA.  The  lease  term  for 
the  land  added  by  such  an  amendment 
shall  be  the  same  as  if  the  land  had 
been  included  In  the  original  lease  when 
it  was  issued. 

§ 3210.3  Determination  of  priorities. 

(a)  No  lease  shall  be  issued  before  final 
action  has  been  taken  on  (1)  any  prior 
application  to  lease  the  land,  (2)  any 
subsequent  application  tq  lease  the  land 
that  is  based  upon  a claimed  preferential 
right,  and  (3)  any  petition  for  the  re- 
newal -or  reinstatement  of  an  existing  or 
former  lease  on  the  land. 

(b)  Where  a lease  Is  Issued  before 
final  action  has  been  taken  on  such  ap- 
plications and  petitions,  It  shall  be  can- 
celed, and  the  advance  rental  returned, 
after  due  notice  to  the  lessee,  where  the 
applicant  or  petitioner  is  found  to  be 
qualified  and  entitled  to  receive  a lease 
of  the  land. 

(c)  Applications  for  lease  received  in 
the  mail  or  delivered  on  the  same  day 
will  be  deemed  to  have  been  simulta- 
neously filed,  and  the  right  of  priority 
and  the  order  of  processing  will  be  de- 
termined by  a public  drawing. 

(d)  Prior  to  the  Issuance  of  any  lease, 
a determination  shall  be  made  as  to 
whether  or  not  the  lands  are  within  a 
KGRA.  Applications  for  lands  deter- 
mined to  be  within  any  KGRA  will  be 
rejected. 


§ 3210.4  Rejections. 

If,  after  the  filing  of  an  application  for 
a noncompetitive  lease  and  before  the  Is- 
suance of  a lease,  or  amendment  thereto, 
pursuant  to  that  application,  the  land 
embraced  in  the  application  becomes  in- 
cluded within  a KGRA,  the  application 
will  be  rejected  as  to  such  KGRA  lands. 
The  authorized  officer  retains  discretion 
to  reject  an  application  for  a noncom- 
petitive lease  even  though  the  tract  for 
which  application  is  made  is  not  deter- 
mined to  be  within  a KGRA. 

Subpart  3211 — Bureau  Motion — Land 

Previously  Leased  for  Geothermal 

Resources 

§ 3211.1  Releasing  of  formerly  leased 
lands. 

Lands  available  for  noncompetitive 
leasing  in  canceled  or  relinquished 
leases  or  in  leases  which  expire  by  op- 
eration of  law  at  the  end  of  their  pri- 
mary or  extended  terms  or  in  leases 
which  terminate  by  operation  of  law  for 
nonpayment  of  rental  pursuant  to  30 
U.S.C.  sec.  1004,  shall  be  subject  to 
further  leasing  only  in  accordance  with 
the  provisions  of  this  section.  Prom  time 
to  time  the  authorized  officer  will  publish 
in  the  Federal  Register,  post  in  each 
proper  BLM  office,  and  provide  appro- 
priate news  coverage  of : 

(a)  A list  of  leasing  units  composed  of 
lands  which  are  available  for  noncom- 
petitive leasing  and  which  were  in  can- 
celed, expired,  relinquished,  or  termi- 
nated leases. 

(b)  An  announcement  that  applica- 
tions for  leases  on  such  lands  will  be 
received  after  a specific  hour  and  date 
and  that  any  applications  filed  during 
a specified  simultaneous  filing  period 
beginning  at  that  time  will  be  regarded 
as  simultaneously  filed; 

(c)  The  address  of  the  proper  BLM 
office  where  applications  must  be  filed 
and  where  the  terms  and  conditions  un- 
der which  the  lease  will  be  issued  are 
available;  and 

(d)  Requirements  for  a complete  ap- 
plication, indicating  that  the  proposed 
plan  of  operation,  as  required  by  § 3210.- 
2-1  (d),  will  not  be  required  until  there 
has  been  a drawing  and  a consequent 
determination  of  priority,  but  must  be 
filed  before  a lease  can  be  issued. 

§ 3211.2  Applications  during  simulta- 
neous filing  periods. 

(a)  An  application  shall  conform  to 
the  requirements  of  43  CPR  3210.2-1, 
except  as  provided  below. 

(b)  Only  one  complete  leasing  unit, 
identified  by  unit  number,  may  be  in- 
cluded in  an  application.  Lands  not  on 
the  published  list  may  not  be  included 
in  the  application. 

(c)  An  applicant  is  permitted  to  file 
only  one  application  for  each  numbered 
unit  on  the  posted  list.  Submission  of 
more  than  one  application  by  or  on  be- 
half of  the  applicant  for  any  unit  on  the 
posted  list  will  result  in  the  disqualifica- 
tion of  all  applications  submitted  by  that 
applicant  for  the  drawing  to  b£  held  for 
that  particular  unit. 


(d)  The  application  must  be  accom- 
panied by  a signed  statement  that  the 
applicant  will  furnish  the  information 
required  by  these  regulations  within  15 
days  after  notification  that  his  applica- 
tion is  the  only  one  for  the  tract,  or  that 
he  is  the  successful  drawee. 

(e)  Each  application  filed  dining  a 
simultaneous  filing  period  must  be  sub- 
mitted in  a sealed  envelope  marked  “Ap- 
plication for  a lease  pursuant  to  43  CFR 
subpart  3211”.  The  envelope  will  remain 
sealed  until  the  end  of  the  30-day  simul- 
taneous filing  period,  at  which  time  the 
application  will  be  time-stamped  simul- 
taneously and  serialized.  A public  draw- 
ing of  all  applications  received  during 
the  simultaneous  30-day  period  will  be 
held  to  determine  respective  priorities 
and  order  of  processing. 

(f)  Applications  filed  during  a simul- 
taneous filing  period  are  subject  to  the 
classification  criteria  established  in 
§ 3200.0-5  (k)  and  will  be  considered  as 
all  filed  the  same  day. 

(g)  The  requirements  of  § 3210.2-l(d) 
need  not  be  satisfied  for  a complete  ap- 
plication during  the  30-day  simultane- 
ous filing  period  or  during  any  future 
designated  simultaneous  filing  period. 
Such  data  must  be  submitted  by  the 
successful  drawee  when  requested  by  the 
authorized  officer. 

(h)  Each  application  must  be  accom- 
panied by  the  service  charge  of  $50.  The 
first  year’s  advance  rental  need  not  be 
submitted  with  the  application.  A lease 
will  be  issued  to  the  first  drawee  quali- 
fied to  receive  a lease  upon  payment  of 
the  first  year’s  rental.  Rental  must  be 
received  in  the  proper  BLM  office  within 
fifteen  days  from  the  date  of  receipt  of 
notice  that  such  rental  is  due.  The  drawee 
failing  to  submit  the  rental  payment 
within  the  time  allowed  will  be  auto- 
matically disqualified  to  receive  the  lease, 
and  consideration  will  be  given  to  the 
application  of  the  drawee  having  the  next 
highest  priority  in  the  drawing. 

§ 3211.3  Issuance  of  leases  for  units  on 
posted  list. 

(a)  If  more  than  one  application  is 
received  during  the  simultaneous  filing 
period  for  the  same  unit  on  the  list 
posted  pursuant  to  § 3211.1(a),  all  ap- 
plications on  that  unit  filed  during  that 
period  will  be  considered  simultaneously 
filed.  Priority  of  filing  for  such  units  will 
be  determined  by  a public  drawing. 
Three  applications  will  be  drawn  for 
each  unit. 

If  the  lands  are  determined  not  to  be 
within  any  KGRA,  a lease  may  be  issued 
to  the  successful  drawee  upon  his  com- 
pliance with  all  applicable  regulations, 
including  those  in  Subpart  3210  of  this 
part. 

(b)  If  only  one  application  is  filed 
during  the  simultaneous  filing  period  on 
a unit  on  the  list  posted  pursuant  to 
8 3211.1(a),  a lease  on  that  unit,  if  the 
land  is  not  included  within  any  KGRA, 
may  be  issued  to  the  applicant,  upon 
his  compliance  with  all  applicable  reg- 
ulations, including  those  in  Subpart  3210 
of  this  part. 

(c)  If  no  application  is  filed  on  a unit 
on  the  list  posted  pursuant  to  8 3211.1 
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(a)  within  the  prescribed  simultaneous 
filing  period,  the  land  in  that  unit,  if  not 
with  a KORA,  will  become  available  for 
leasing  in  accordance  with  Subpart  3210 
of  this  part. 


PART  3220— COMPETITIVE  LEASES 

Subpart  3220 — Competitive  leases;  General 

Sec. 

3220.1  General. 

3220.2  Nominations. 

3220.3  Publication  of  notice  of  lease  sale. 

3220.4  Contents  of  notice  of  lease  sale. 

3220.5  Bidding  requirements. 

3220.6  Award  of  lease. 

Subpart  3220 — Competitive  Leases; 
General 

§ 3220.1  General. 

(a)  Lands  within  a KORA,  except  as 
provided  under  8 3201.1,  will  be  available 
for  leasing  on  the  effective  date  of  these 
regulations. 

•(b)  The  authorized  officer  will  accept 
nominations  to  lease,  or  may  on  his  own 
motion  from  time  to  time  call  for  nomi- 
nations to  lease.  Nominations  may  be 
withdrawn  at  any  time. 

§ 3220.2  Nominations. 

(a)  Nominations  will  be  submitted  on 
a card  approved  by  the  Director. 

(b)  A nomination  must  be  filed  in  the 
proper  BLM  office  in  duplicate  for  public 
lands  and  triplicate  for  acquired  lands 
and  must  include  the  following; 

(1)  The  nominator’s  name  and 
address; 

(2)  A statement  of  citizenship  and 
qualifications  for  lease; 

(3)  A description  of  the  lands;  and 

(4)  A statement  of  the  interests,  direct 
or  indirect,  held  in  other  Federal  geo- 
thermal leases  or  applications  in  the 
same  State. 

g 3220.3  Publication  of  notice  of  lease 
sale. 

Where  the  Secretary  determines  to 
offer  lands  for  competitive  leasing  he  will 
publish  a notice  of  lease  sale  in  a news- 
paper of  general  circulation  in  the  area 
in  which  the  lands  to  be  leased  are  lo- 
cated once  a week  for  4 consecutive 
weeks,  or  for  such  other  period  as  he  may 
direct. 

g 3220.4  Contents  of  notice  of  lease  sale. 

The  notice  will  specify  the  time  and 
place  of  sale,  the  manner  in  which  bids 
may  be  submitted,  the  description  of  the 
lands,  and  the  terms  and  conditions  of 
the  sale,  including  royalty  and  rental 
rates. 

The  notice  will  Indicate  the  proper 
BLM  office  where  the  terms  and  condi- 
tions under  which  the  lease  will  be  issued 
are  available.  The  notice  will  also  indi- 
cate that  the  proposed  plan  of  operation, 
as  required  by  j 3210.2-1  (d),  must  be 
filed  before  a lease  can  be  Issued. 

g 3220.5  Bidding  requirements. 

(a)  A separate  identified  sealed  bid 
must  be  submitted  for  each  lease  unit. 
Each  bidder  must  submit  with  his  bid  a 
certified  or  cashier's  check,  bank  draft, 


money  order  or  cash  in  the  amount  of 
one-half  of  the  amount  bid  together  with 
proof  of  qualifications  as  required  by 
these  regulations. 

(b)  All  bidders  are  warned  against 
violation  of  the  provisions  of  Title  18 
U.S.C.  section  1860  prohibiting  unlawful 
combination  or  intimidation  of  bidders. 
§ 3220.6  Award  of  lease. 

(a)  All  sealed  bids  shall  be  opened  at 
the  place,  date,  and  hour  specified  in  the 
notice.  No  bids  will  be  accepted  or  re- 
jected at  that  time. 

(b)  Leases  will  be  awarded  to  the  high- 
est responsible  qualified  bidder,  except 
as  required  under  Part  3230. 

(c)  The  right  to  reject  any  and  all 
bids  is  reserved.  If  the  authorized  officer 
fails  to  accept  the  highest  bid  for  a 
lease  within  30  days  after  the  date  on 
which  the  bids  are  opened  (Or  such 
longer  period  as  may  be  needed  to  com- 
ply with  8 3230.1-6),  all  bids  for  Ahat 
lease  will  be  considered  rejected.  De- 
posits on  rejected  bids  will  be  returned. 

(d)  If  the  lease  is  awarded,  three  copies 
of  the  lease  will  be  sent  to  the  successful 
bidder  who  shall  be  required  to  execute 
them  within  30  days  from  receipt 
thereof,  to  pay  the  first  year’s  rental,  the 
balance  of  the  bonus  bid,  file  the  required 
bond  or  bonds,  and  submit  the  proposed 
plan  of  operation  as  required  by  § 3210.- 
2-1  (d).  When  the  three  copies  of  the 
lease  are  executed  by  the  successful  bid- 
der and  returned  to  the  authorized  offi- 
cer, the  lease  will  be  executed  by  the  au- 
thorized officer  and  a copy  will  be  mailed 
to  the  successful  bidder. 

(e)  If  the  successful  bidder  falls  to 
execute  the  lease  or  otherwise  comply 
with  the  applicable  regulations,  his  de- 
posit will  be  forfeited  and  disposed  of  as 
provided  in  section  20  orthe  Act.  In  this 
event  the  lands  will  be  reoffered  when 
it  is  determined,  in  the  opinion  of  the 
Secretary,  that  sufficient  Interest  exists 
to  justify  a competitive  lease  sale. 

• 


PART  3230— RIGHTS  TO  CONVERSION 
TO  GEOTHERMAL  LEASES  OR  AP- 
PLICATION FOR  GEOTHERMAL 
LEASES 

Subpart  3230 — Right*  to  Convsriion  to  G«o ther- 
mal Uawi  or  Application  for  Goothormal 
loaioi;  Control 
Sec. 

3230.1  General. 

3230.1- 1  Rights  to  conversion  to  geother- 

mal leases. 

3230.1- 2  Rights  to  conversion  to'  applica- 

tions for  geothermal  leases. 

3230.1- 3  Land  In  which  minerals  are  re- 

served to  the  United  States. 

8230.1- 4  Conflicting  claims  of  rights  to  con- 

version to  geothermal  leases,  or 
to  applications  for  geothermal 
leases. 

3230.1- 5  [Reserved] 

8230.1- 6  Method  of  leasing  to  owners  of 

conversion  rights  to  geothermal 
leasee,  or  to  applications  for  geo- 
thermal leases. 

8230.1- 7  Acreage  limitation. 

8230.2  Qualifications. 

8230.3  Applications. 

82303-1  Piling  of  application. 

82303-2  Statements  required. 


Sec. 

3230.4  Conversion  to  geothermal  leases  or 
to  applications  for  geothermal 
leases. 

3230.4- 1  Processing  and  adjudicating  appli- 

cations. 

3230.4- 2  Approval. 

Subpart  3230 — Rights  to  Conversion 

to  Geothermal  Leases  or  Applica- 
tion for  Geothermal  Leases 

§ 3230.1  General. 

§ 3230.1—1  Rights  to  conversion  to  geo- 
thermal leases. 

Where  lands  were  on  September  7, 
1965,  subject  to  valid  leases  or  permits 
issued  under  the  Mineral  Leasing  Act  of 
1920,  as  amended  and  supplemented  (30 
U.S.C.  181-287),  or  the  Mineral  Leasing 
Act  for  Acquired  Lands,  as  amended  (30 
U.S.C.  351-358),  or  subject  to  exist- 
ing mining  claims  located  on  or  prior  to 
September  7,  1965,  the  lessees,  permit- 
tees, or  claimants,  or  their  successors  in 
interest,  if  qualified  to  hold  geothermal 
leases,  shall  have  the  right,  subject  to 
certain  limitations  as  hereinafter  pro- 
vided, to  convert  such  leases,  permits  or 
claims  to  geothermal  leases  covering  the 
same  lands. 

§ 3230.1-2  Rights  to  conversion  to  ap- 
plications for  geothermal  leases. 

Where  lands  were  subject  to  applica- 
tion for  leases  or  permits  under  the 
mineral  leasing  laws  referred  to  in 
§ 3230.1-1  on  September  7,  1965,  the  ap- 
plicants may,  subject  to  certain  limita- 
tions as  hereinafter  provided,  convert 
their  applications  to  applications  for 
geothermal  leases  having  priorities  dat- 
ing from  the  time  of  filing  such  appli- 
cations under  said  mineral  leasing  laws. 

§ 3230.1—3  Land  in  which  minerals  are 
reserved  to  the  United  States. 

Where  a right  to  one  of  the  forms  of 
conversion  referred  to  in  8 3230.1-1  or 
8 3230.1-2  is  claimed  as  to  lands  the  sur- 
face of  which  has  passed  from  Federal 
ownership  but  in  which  the  minerals 
have  been  reserved  to  the  United  States, 
final  action  on  any  claim  to  conversion 
rights  under  section  4 of  the  Act  shall  be 
held  in  abeyance  until  such  time  as  the 
question  of  title  to  the  geothermal  re- 
sources in  such  lands  has  been  resolved 
pursuant  to  the  provisions  of  section 
21(b)  of  the  Act,  unless  the  Secretary 
determines  that  it  is  in  the  public  inter- 
est to  make  a determination  of  such 
claims  at  an  earlier  time,  subject  to  the 
rights,  if  any,  of  non-Federal  owners. 

g 3230.1—4  Conflicting  claim*  of  right* 
to  conversion  to  geothermal  leasee, 
or  to  applications  for  geothermal 
leases. 

(a)  Where  there  are  conflicting  claims 
of  rights  to  conversion  to  geothermal 
leases  based  upon  mineral  leases,  mineral 
permits,  or  mining  claims  embracing  the 
same  land,  the  date  of  Issuance  of  the 
permit  or  lease  or  of  recordation  of  the 
claim  shall  determine  priority. 

(b)  Where  there  are  rights  to  conver- 
sion to  applications  for  geothermal 
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leases  based  on  applications  for  mineral 
leases  or  permits  In  conflict  wth  rights 
to  conversion  to  geothermal  leases  based 
upon  milling  claims  embracing  the  same 
lands,  the  date  of  filing  the  application 
or  the  date  of  recordation  of  the  mining 
claim  shall  determine  priority. 

§ 3230.1-6  Method  of  leaning  to  owners 
of  convention  right*  to  geothermal 
leases,  or  to  applications  for  geother- 
mal leases. 

(a)  Lands  included  within  any 
KQRA—( 1)  Competitive  lease.  Where 
lands  have  been  included  within  any 
KORA  prior  to  the  issuance  of  a lease, 
the  owner  of  a conversion  right  to  a geo- 
thermal lease  for  such  lands  shall  be  en- 
titled to  the  Issuance  of  a competitive 
lease  only  In  accordance  with  the  provi- 
sions of  subparagraph  (2)  of  this  para- 
graph, if  the  lands  subject  to  a conver- 
sion right  to  a geothermal  lease  are  In 
part  within  a KORA  and  In  part  outside 
a KORA,  the  holder  of  that  oonverslon 
right  shall  have  the  right  to  divide  his 
conversion  right  Into  two  separate  oon- 
verslon rights  so  that  he  may  receive  a 
geothermal  lease  to  the  lands  within  the 
KORA  only  subject  to  subparagraph  (2) 
of  this  paragraph  and  a geothermal  lease 
to  the  lands  not  within  a KORA  subject 
to  paragraph  (b)  of  this  section. 

(2)  Preference  right.  (1)  Lands  which 
have  been  Included  within  any  KORA 
shall  be  leased  only  by  competitive  bid- 
ding In  the  manner  prescribed  in  Sub- 
part 3220  of  this  chapter,  except  that,  in 
addition,  the  name  and  address  of  the 
owner  of  any  conversion  right  to  U geo- 
thermal lease  will  be  set  forth  In  the  lease 
sale  notice. 

(II)  The  person  owning  the  right  to 

conversion  to  a geothermal  lease  shall  be 
informed  by  written  notice  of  the  highest 
bona  fide  bid  submitted  for  the  lease  at 
the  sale.  If  within  thirty  (30)  days  after 
he  has  received  that  Written  notice,  the 
person  owning  the  right  to  conversion  to 
a geothermal  lease  shall  Inform  the  au- 
thorized officer  that  he  wishes  such  a 
lease,  pay  an  amount  equal  to  the  highest 
bona  fide  bid  submitted,  pay  the  rental 
for  the  first  year,  file  the  required  bond 
or  bonds,  and  submit  the  data  required 
by  8 3210.2-1  (d)  and'(e),  a lease  will  be 
Issued  to  him.  ; • v 

(III)  Failure  of  the  owner  of  the  right 
to  conversion  to  a geothermal  lease  to 
Inform  the  authorized  officer  timely  will 
constitute  a forfeiture  of  his  conversion 
rights  without  further  notice  to  him.  In 
this  event,  the  lease  will  be  offered  to  the 
highest  bona  fide  bidder,  If  otherwise 
qualified. 

(b)  Lands  not  included  within  any 
KORA — Noncompetitive  lease.  Where 
lands  have  not  been  included  within  any 
KORA  prior  to  the  Issuance  of  a lease, 
the  owner  of  a conversion  right  to  a 
geothermal  lease  for  such  lands,  If  other- 
wise qualified,  shall  be  entitled  to  the 
Issuance  of  a noncompetitive  lease  for 
such  lands. 

(c)  Lands  included  within  a KORA — 
(1)  Application  for  a lease.  Where  lands 
have  been  included  within  a KORA  prior 
to  the  lsusance  of  a lease,  the  owner  of  a 
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conversion  right  to  an  application  for  a 
geothermal  lease  to  those  lands  shall  be 
entitled  to  receive  a competitive  geother- 
mal lease  only  in  accordance  with  the 
provisions  of  Subpart  3220  of  this  part. 
If  the  lands  subject,  to  a conversion  right 
to  a geothermal  application  are  In  part 
within  a KORA  and  in  part  outside  a 
KORA,  the  holder  of  that  conversion 
right  may  amend  his  application  to  cover 
only  the  land  outside  the  KORA. 

(2)  Preference  right.  The  owner  of  a 
conversion  right  to  an  application  for  a 
geothermal  lease  where  the  lands  have 
been  Included  within  a KGEA  shall  re- 
ceive no  preference  right  to  meet  the 
highest  bona  fide  bid. 

(d)  Lands  not  Included  within  any 
KORA— (1)  Application  for  a lease. 
Where  lands  have  net  been  Included 
within  a KORA,  the  owner  of  a oonver- 
slon right  to  an  application  for  a geo-' 
thermal  lease,  If  otherwise  qualified,  shall 
be  entitled  to  convert  his  right  into  an 
application  for  a non-competitive  lease, 

(2)  Preference  right.  The  owner  of  a 
conversion  right  to  an  application  for  a 
geothermal  lease  where  the  lands  have 
not  been  Included  within  a KORA,  if 
otherwise  qualified,  shall  be  entitled  to 
the  Issuance  of  a non-competitive  geo- 
thermal lease  for  such  lands  In  accord- 
ance with  Subpart  3210  of  this  part. 

§ 3230.1—7  Acreage  limitation. 

No  person  shall  be  permitted  to  ob- 
tain, through  conversion  of  mineral 
leases  or  prospecting  permits,  or  applica- 
tions therefor,  or  mining  claims,  leases 
for  more  than  10,240  acres,  or  a lease  to 
any  land  not  included  in  the  lease,  per- 
mit, application  or  claim  converted,  ex- 
cept that  any  such  geothermal  lease 
Issued  may  Include  some  lands  not  em- 
braced In  the  lease,  permit,  application 
or  claim  on  which  the  conversion  right 
Is  based,  where  a metes  and  bounds  de- 
scription was  used  to  describe  lands  In 
issued  leases  or  permits  or  hi  filed  ap- 
plications or  mining  claim  locations.  In 
such  event,  the  metes  and  bounds  de- 
scription will  be  conformed  by  the  au- 
thorized office  to  a legal  subdivision,  to 
the  extent  possible. 

§ 3230.2  Qualification*. 

Persons  who  believe  they  are  qualified 
under  the  Act  to  convert  mineral  leases 
or  permits  or  existing  mining  claims  to 
geothermal  leases  and  persons  who  be- 
lieve they  are  entitled  to  convert  appli- 
cations for  mineral  leases  and  permits 
to  applications  for  geothermal  leases 
shall  comply  with  the  procedures  set 
forth  below. 

fi  3230.3  Application*. 

§ 3230.3—1  Filing  of  application. 

(a)  A written  application  shall  have 
been  filed  with  the  proper  BLM  office  on 
or  before  June  22,  1971,  pursuant  to  the 
notice  published  In  the  Federal  Reo- 
istir  of  January  15,  1071,  30  FR  623. 
If  such  an  application  has  been  filed  and 
does  not  contain  t hr  information  speci- 
fied to  1 3230.3-2  hereof,  such  In- 
formation must  be  supplied  by  the  appli- 


cant within  60  days  of  the  effective  date 
of  these  regulations. 

(b)  Failure  to  have  filed  a conversion 
right  application  on  or  before  June  22, 
1971,  will  result  In  the  loss  of  any  such 
rights  so  claimed. 

§ 3230.3-2  Statement*  required. 

(a)  An  application  based  on  a valid 
lease  or  permit  referred  to  In  section 
3230,1-1  hereof  shall  lnolude  the  date  of 
Issuance,  the  State  In  which  the  lands 
are  located,  and  the  serial  number  of  the 
lease  or  permit.  An  application  based  on 
a mining  claim  referred  to  In  I 3230.1-1 
shall  include  the  name,  location,  legal 
description  or  reference  sufficient  to 
identify  the  lands  on  the  ground,  date  of 
location  and  data  and  place  of  recorda- 
tion of  the  mining  claim  (Including 
volume  and  page),  which  the  applicant 
seeks  to  convert  to  a geothermal  lease, 
An  application  based  on  an  application 
for  a mineral  lease  or  permit  referred  to 
In  | 3230.1-1  shall  Include  the  date  the 
application  for  the  lease  or  permit  was 
filed  with  the  Bureau  of  Land  Manage- 
ment and  the  location  of  the  proper 
BLM  office  where  the  application  was 
filed,  and  should  Indicate  the  serial  num- 
ber assigned  to  the  application. 

(b)  An  application  shall  Include  a de- 
scription of  the  lands  sought  to  be  in- 
cluded in  a geothermal  lease.  If  the  lands 
have  been  surveyed  under  the  public  land 
rectangular  survey  system,  each  appli- 
cation shall  describe  the  lands  by  legal 
subdivision,  section,  township,  and  range. 
If  otherwise  officially  surveyed,  the  lands 
shall  be  described  by  the  legal  descrip- 
tion, mining  claim  survey,  or  Irregular 
tracts.  If  the  lands  have  not  been  so 
surveyed,  but  protracted  surveys  for 
those  lands  have  been  approved  and  the 
effective  date  thereof  published  In  the 
Federal  Register,  each  application  for 
lands  shown  on  such  protracted  surveys, 
filed  on  or  after  such  effective  date,  shall 
describe  the  lands  according  to  the 
legal  subdivision,  section,  township, 
and  range  shown  on  the  approved  pro- 
tracted surveys.  If  the  lands  have  not 
been  so  surveyed,  or  Included  within 
approved  protracted  surveys,  or  it  Is 
otherwise  appropriate,  each  application 
shall  describe  the  lands  by  metes  and 
bounds,  giving  courses  and  distances  be- 
tween the  successive  angle  points  on  the 
boundary  of  the  tract,  and  connected  by 
courses  and  distances  to  a monument  or 
to  a prominent  topographic  feature. 

(c)  An  application  shall  be  accom- 
panied by  a detailed  statement  showing: 
(1)  The  expenditures  made  for  the  ex- 
ploration, development,  or  production  of 
geothermal  steam  by  the  applicant  on 
lands  for  which  a geothermal  lease  Is 
sought  or  on  adjoining,  adjacent  or 
nearby  Federal  or  non-Federal  .lands 
an<l  the  date  or  dates  such  expenditures 
were  made,  (2)  the  names  and  current 
addresses  of  the  persons  who  actually 
performed  the  aforesaid  exploration, 
development,  or  production  work,  (3)  the 
geological,  geophysical,  and  engineering 
data  acquired  in  such  exploration, 
development,  and  production  which 


REOISTR,  VOL  31,  NO.  140— MONDAY,  JULY  23,  1973 
III-lX 


19762 


PROPOSED  RULES 


demonstrates,  or  tends  to  demonstrate 
the  expenditures  claimed,  (4)  a map 
showing  the  location  where  the  expendi- 
tures and  improvements  were  made,  (5) 
a proposed  plan  as  required  by  5 3210.2-1 
(e),  and  (6)  a statement  that  he  will  be 
bound  by  the  terms  and  conditions  of  a 
lease,  if  issued.  The  applicant  shall  file 
such  additional  information  with  respect 
to  the  application  as  requested  by  the 
authorized  officer. 

§ 3230.4  Conversion  to  geothermal 
leases  or  to  applications  for  geother- 
mal leases. 

§ 3230.4—1  Processing  and  adjudicating 
applications. 

Application  for  conversion  to  geo- 
thermal leases  or  to  applications  for  geo- 
thermal leases  together  with  all  informa- 
tion and  data  submitted  or  requested 
by  the  authorized  officer  pursuant  to 
§ 3230.3-2  hereof  and  any  other  perti- 
nent available  information  or  data  shall 
be  reviewed  by  the  authorized  officer  for 
the  purpose  of  determining  whether  the 
required  showing  has  been  made,  and 
thereafter  the  authorized  officer  shall 
prepare  a proposed  determination  which 
shall  be  submitted  to  the  Secretary. 

§ 3230.4—2  Approval. 

The  authorized  officer  will  make  a de- 
termination that  the  applicant  has  or 
has  not  satisfactorily  shown  that  he  is 
entitled  to  receive  the  grant  of  a geo- 
thermal lease,  or  application  for  a geo- 
thermal lease. 


PART  3240—  RULES  GOVERNING 
LEASES 

Subpart  3240 — Rules  Governing 
Leases 


Subpart  3241— Assignment*  and  Transfers 
Sec. 

3241.1  Assignments,  transfers.  Interests, 

qualifications. 

3241.1- 1  Record  title  assignments  or  trans- 

fers of  leases  or  undivided  lease 
Interests. 

3241.1- 2  Qualifications. 

3241.2  Requirements  for  filing  of  assign- 

ments or  transfers. 


3241.2- 1  Place  of  filing  and  service  charge. 

3241.2- 2  Number  of  copies  required. 

3241.2- 3  Time  of  filing  assignments,  trans- 

fers of  leases,  or  undivided  lease 
Interests. 

3241.2- 4  Forms  and  statements. 

3241.2- 6  Description  of  lands. 

3241.3  Bonds. 

3241.4  Approval. 

3241.6  Continuing  responslblUty. 

3241.6  Production  payments. 

3241.7  Overriding  royalty  Interests. 

3241.7- 1  General. 

3241.7- 2  Limitation  of  overriding  royalties. 

3241.8  Lease  account  status;  requirement. 

3241.8  Effect  of  assignment. 


Subpart  3242 — Production  and  Use  of 
Byproducts 

3242.1  General. 

3242.2  Production  and  use  of  commer- 

cially demineralized  water  as  a 
byproduct,  production  and  use 
of  other  sources  of  water. 

324213-1  General. 

3242.2-2  Prohibition  on  production  of  com- 
mercially demineralized  water. 


Sec. 

3242.2- 3  Water  wells  on  geothermal  areas. 

3242.2- 4  State  water  laws. 


Subpart  3243 — Cooperative  Conservation 
Provisions 


3243.1 

3243.2 

3243.3 

3243.3- 1 

3243.3- 2 

3243.4 


3243.4- 1 

3243.4- 2 

3243.4- 3 


Cooperative  or  unit  plans. 

Acreage  chargeablllty. 
Communltlzation  or  drilling 
agreements. 

Approval. 

Requirements. 

Operating  drilling,  or  development 
contracts  or  a combination  for 
Joint  operations. 

Approval. 

Requirements. 

Acreage  chargeablllty. 


Subpart  3244 — Terminations  and  Expirations 


3244.1 

3244.2 

3244.2- 1 

3244.2- 2 

3244.3 


3244.4 

3244.5 


Relinquishments. 

Automatic  terminations  and  rein- 
statements. 

General. 

Exceptions. 

Termination  of  lease  for  noncom- 
pllance  with  regulations  or  lease 
terms;  notice;  hearing. 

Expiration  by  operation  of  law. 

Removal  of  material  and  supplies 
upon  termination  of  lease. 


Subpart  3241 — Assignments  and 
Transfers 


§ 3241.1  Assignments,  transfers,  inter- 
ests, qualifications. 

§ 3241.1—1  Record  title  assignments  or 
transfers  of  leases  or  undivided  lease 
interests. 


(a)  The  record  title  of  leases  may  be 
assigned  as  to  all  or  part  of  the  leased 
acreage,  except  that  no  assignment  will 
be  approved  where  (1)  either  the  as- 
signed or  retained  portions  created  by 
the  assignment  would  be  less  than  640 
acres,  unless  the  total  acreage  in  the 
lease  being  partially  assigned  is  less  than 
1,280  acres  occasioned  by  Includes  an 
irregular  subdivision,  as  provided  In 
5 3203.2  of  this  part,  in  which  case  the 
assigned  and  retained  portions  may  be 
less  than  640  acres  by  an  amount  which 
is  smaller  than  the  amount  by  which  the 
area  would  be  more  than  640  acres  if  the 
irregular  subdivision  were  added,  or  (2) 
an  undivided  Interest  is  created  by  as- 
signment of  a lease  containing  less  than 
640  acres,  or  (3)  where  the  lease  being 
assigned  contains  640  acres  or  more,  an 
undivided  interest  of  less  than  10  percent 
would  be  created  in  the  leased  acreage. 
An  exception  to  the  minimum  acreage 
provision  of  this  section  may  be  made  by 
the  Secretary  where  he  finds  such  excep- 
tion is  necessary  in  the  interest  of  con- 
servation of  the  resources. 

(b)  A working  interest  or  operating 
right  may  be  assigned,  in  accordance 
with  this  section,  Provided  That  the  as- 
signed interest  or  right,  divided  or  un- 
divided, vests  in  the  holder  only  the  right 
to  explore,  develop  and  produce  geo- 
thermal resources  from  the  leased  lands 
to  the  extent  of  not  less  than  the  inter- 
est assigned. 

(c)  All  requests  for  approval  of  any 
assignment  will  be  reviewed,  prior  to 
approval,  to  adjust  environmental  terms 
and  conditions  where  necessary. 


§ 3241.1—2  Qualifications. 

(a)  No  assignment  will  be  approved 

(1)  if  the  assignee  or  any  other  party  in 
interest  is  not  qualified  to  take  and  hold 
a lease;  (2)  if  a required  bond  is  not 
filed;  or  (3)  if  the  statement  of  interest 
required  under  § 3202.2-1  (a)  is  not  filed. 

(b)  an  assignment  to  a minor  other 
than  an  heir  or  devisee  of  a lessee  will 
not  be  approved. 

(c)  The  assignment  must  be  accom- 
panied by  a signed  statement  by  the 
assignee  either  (1)  that  he  is  the  sole 
party  in  interest  in  the  assignment,  or 

(2)  setting  forth  the  names  and  qualifi- 
cations of  the  other  parties  holding  in- 
terests in  the  lease.  Where  the  assignee 
is  not  the"3ole  party  in  interest,  separate 
statements  must  be  signed  by  each  of 
the  other  parties  and  by  the  assignee 
setting  forth  the  nature  and  extent  of 
the  interest  of  each  party  and  the  nature 
of  the  agreement  between  them.  These 
separate  statements  must  be  filed  in  the 
proper  BLM  office  not  later  than  15  days 
after  the  filing  of  assignment. 

(d)  Where  an  attomey-in-fact  or 

agent  signs,  on  behalf  of  the  assignor 
or  assignee,  the  instrument  of  transfer 
or  the  application  for  approval,  evidence 
of  the  authority  of  the  attomey-in-fact 
or  agent  to  sign  such  assignment  or  ap- 
plication must  be  furnished  to  the  au- 
thorized officer.  'w 

(e)  In  order  for  the  heir  or  devisee 
of  the  deceased  holder  of  a lease,  an 
operating  agreement,  or  an  overriding 
royalty  interest  in  a producing  lease,  to 
be  recognized  by  the  authorized  officer 
as  the  holder  of  that  lease,  agreement 
or  interest,  the  appropriate  showing  re- 
quired under  the  regulations  in  § 3202.2-6 
must  be  furnished  to  the  authorized 
officer. 

§ 3241.2  Requirements  for  filing  of 
assignments  or  transfers. 

§ 3241.2—1  Place  of  filing  and  service 
charge. 

A request  for  approval  of  any  assign- 
ment or  other  instrument  of  transfer  of 
a lease  or  interest  therein  must  be  filed 
in  the  proper  BLM  office  and  accom- 
panied by  a nonrefundable  service 
charge  of  $50.  An  application  request  not 
accompanied  by  payment  of  such  a serv- 
ice charge  will  not  be  accepted  for  filing. 
§ 3241.2—2  Number  of  copies  required. 

Three  copies  of  all  lnstrumerri<  of 
assignment  or  transfer,  and  a single 
copy  of  any  additional  information  re- 
quired by  S 3202.2.  Relating  to  citizenship 
or  qualifications  of  corporations  must  be 
filed  in  the  proper  BLM  office. 

§ 3241.2—3  Time  of  filing  assignments, 
transfers  of  leases,  or  undivided  lease 
interests. 

(a)  Any  Instrument  of  transfer  of  a 
lease  or  of  an  interest  therein,  including 
an  assignment  of  working  interests,  op- 
erating agreements,  and  operating 
rights,  must  be  filed  in  the  proper  BLM 
office  for  approval  within  90  days  from 
the  date  of  execution  of  that  lnstru- 
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ment  and  must  contain  all  of  the  terms 
and  conditions  agreed  upon  by  the  par- 
ties thereto,  together  with  evidence  and 
statements  similar  to  that  required  of 
an  applicant  under  these  regulations  in 
this  group. 

(b)  A separate  instrument  of  assign- 
ment must  be  filed  in  the  proper  BLM 
office  for  each  geothermal  lease  involv- 
ing transfers  of  record  title.  When 
transfers  to  the  same  person,  associa- 
tion, including  partnerships,  or  corpora- 
tion involve  more  than  one  geothermal 
lease,  one  request  for  approval  and  one 
showing  as  to  the  qualifications  of  the 
assignee  will  be  sufficient. 

§ 3241.2—4  Forms  and  statements. 

A form  approved  by  the  Director,  or 
unofficial  copies  of  that  form  in  current 
use,  must  be  used  for  transfers  and  re- 
quests for  approval  referred  to  in  this 
section  and  must  be  filed  in  duplicate 
for  public  lands  and  in  triplicate  where 
acquired  lands  are  involved.  The  ap- 
proved form  may  be  used  for  an  assign- 
ment which  affects  a transfer  of  the 
record  title  to  all  or  part  of  a geothermal 
lease,  but  it  is  not  to  be  used  for  any 
other  type  of  transfer.  The  application 
for  assignment  shall  be  deemed  to  be 
approved  upon  execution  by  the  author- 
ized officer. 

§ 3241.2-5  Description  of  lands. 

Each  instrument  of  transfer  must 
describe  the  lands  involved  in  the  same 
manner  as  described  in  the  lease. 

§ 3241.3  Bonds. 

Where  an  assignment  does  not  create 
separate  leases,  the  assignee,  if  the  as- 
signment so  provides,  may  become  a 
joint  principal  on  the  bond  with  the 
assignor.  Any  assignment  which  does 
not  convey  the  assignor’s  record  title  in 
all  of  the  lands  in  the  lease  must  also 
be  accompanied  by  consent  of  his  surety 
to  remain  bound  under  the  bond  of  rec- 
ord as  to  the  lease  retained  by  said 
assignor,  if  the  bond,  by  its  terms,  does 
not  contain  such  consent.  If- a party  to 
the  assignment  has  previously  furnished 
a nationwide  or  statewide  bond,  no  addi- 
tional showing  by  such  party  is  necessary 
as  to  the  bond  requirement. 

§ 3241.4  Approval. 

Upon  approval,  an  assignment  shall  be 
effective  as  of  the  first  day  of  the  lease 
month  following  the  date  of  filing  of  the 
assignment  required  by  this  Subpart  in 
the  proper  BLM  office. 

§ 3241.5  Continuing  responsibility. 

(a)  The  assignor  and  his  surety  will 
continue  to  be  responsible  for  the  per- 
formance of  any  obligation  under  the 
lease  until  the  assignment  is  approved. 

(b)  Upon  approval,  the  assignee  and 
his  surety  shall  be  responsible  for  the 
performance  of  all  lease  obligations  not- 
withstanding any  terms  in  the  assign- 
ment to  the  contrary. 

§ 3241.6  Production  payments. 

If  payments  out  of  production  are 
reserved,  a statement  must  be  submitted 


stating  the  details  as  to  the  amount, 
method  of  payment,  and  other  pertinent 
items. 

§ 3241.7  Overriding  royalty  interests. 

§ 3241.7—1  General. 

(a)  Overriding  royalty  interests  in 
geothermal  leases  constitute  accountable 
acreage  holdings  under  these  regulations. 

(b)  If  an  overriding  royalty  interest  is 
created  which  is  not  shown  in  the  instru- 
ment of  assignment  or  transfer,  a state- 
ment must  be  filed  in  the  proper  BLM 
office  describing  the  interest. 

(c)  Any  such  assignment  will  be 
deemed  valid  if  accompanied  by  a state- 
ment over  the  assignee’s  signature  that 
the  assignee  is  a citizen  of  the  United 
States,  an  association  of  such  citizens,  or 
a corporation  organized  under  the  Jaws 
of  the  United  States  or  of  one  of  the 
States  or  the  District  of  Columbia,  and 
that  his  interests  in  geothermal  leases  do 
not  exceed  the  acreage  limitations  pro- 
vided in  these  regulations- 

(d)  All  assignments  of  overriding 
royalty  interests  must  be  filed  for  record 
in  the  proper  BLM  office  within  90  days 
from  the  date  of  execution.  Such  inter- 
ests will  not  receive  formal  approval. 

§ 3241.7—2  Limitation  of  overriding 
royalties. 

(a)  Except  as  herein  provided,  an  over- 
riding royalty  on  the  value  of  the  output 
of  all  geothermal  resources,  or  any  of 
them,  at  the  point  of  shipment  to  market 
may  be  created  by  assignment  or  other- 
wise: Provided,  That,  (1)  the  overriding 
royalty  is  not  for  less  than  one-fourth 
(’/4>  of  1 percent  of  the  valu«  of  such 
output;  and  does  not  exceed  50  percent 
of  the  rate  of  royalty  due  to  the  United 
States  as  specified  in  the  geothermal 
lease,  or  as  reduced  pursuant  to  such 
lease,  and  (2)  the  overriding  royalty, 
when  added  to  overriding  royalties  previ- 
ously created,  does  not  exceed  the  maxi- 
mum rate  established  herein. 

(b)  The  creation  of  ar  overriding 
royalty  interest  that  does  not  conform  to 
the  requirements  of  paragraph  (a)  of  this 
section  shall  be  deemed  a violation  of  the 
lease  terms,  unless  the  agreement  creat- 
ing overriding  royalties  provides  (1)  for  a 
prorated  reduction  of  all  overriding 
royalties  so  that  the  aggregate  rate  of 
royalties  does  not  exceed  the  maximum 
rate  established  in  paragraph  (a)  of  this 
section  and  (2)  for  the  suspension  of  an 
overriding  royalty  during  any  period 
when  the  royalties  due  to  the  United 
States  have  been  suspended  pursuant  to 
the  terms  of  the  geothermal  lease. 

§ 3241.8  Lease  account  status;  require- 
ments. 

Unless  the  lease  account  is  in  good 
financial  standing  as  to  the  area  covered 
by  an  assignment  at  the  time  the  assign- 
ment and  bond  are  filed,  or  is  placed  in 
good  standing  before  the  assignment  is 
reached  for  action,  the  request  for  ap- 
proval of  the  assignment  will  be  denied, 
and  the  lease  shall  be  subject  to  ter- 
mination in  accordance  with  these 
regulations. 


§ 3241.9  Effect  of  assignment. 

An  assignment  of  the  record  title  of 
the  complete  interest  in  a portion  of  the 
lands  in  a lease  shall  segregate  the  as- 
signed and  retained  portions  into  sep- 
arate and  distinct  leases.  An  assignment 
of  an  undivided  interest  in  the  entire 
leasehold  shall  not  segregate  the  lease 
into  separate  or  distinct  leases. 

Subpart  3242 — Production  and  Use  of 
Byproducts 

§ 3242.1  General. 

Where  the  Supervisor  determines  that 
production,  use,  or  conversion  of  geo- 
thermal steam  under  a geothermal  lease 
is  susceptible  of  producing  a valuable  by- 
product or  byproducts,  including  com- 
mercially demineralized  water  contained 
in  or  derived  from  such  geothermal 
steam  for  beneficial  use  in  accordance 
with  applicable  State  water  laws,  the 
authorized  officer  shall  require  substan- 
tial beneficial  production  or  rise  thereof, 
except  where  he  determines  that: 

(a)  Beneficial  production  or  use  is  not 
in  the  interest  of  conservation  of  natural 
resources; 

(b)  Beneficial  production  or  use  would 
not  be  economically  feasible;  or 

(c)  Beneficial  production  and  use 
should  not  be  required  for  other  reasons 
satisfactory  to  him. 

§ 3242.2  Production  and  use  of  commer- 
cially demineralized  water  as  a by- 
product, production,  and  use  of  other 
sources  of  water. 

§ 3242.2—1  General. 

Except  as  provided  in  these  regula- 
tions, or  the  lease,  the  lessee  shall  have 
the  right  to  process  fluids,  including 
brine,  condensate,  and  other  fluids, 
which  are  associated  with  geothermal 
steam  within  lands  subject  to  the  geo- 
thermal lease  for  the  purpose  of  develop- 
ing, producing,  and  utilizing  the  com- 
mercially demineralized  water  recovered 
as  a result  of  such  processing. 

§ 3242.2—2  Prohibition  on  production  of 
commercially  demineralized  water. 

The  lessee  shall  not  be  authorized  to 
engage  in  the  primary  production  of 
commercially  demineralized  water  from 
the  produced  fluids  contained  in  or  de- 
rived from  geothermal  steam  referred  to 
in  § 32433-1,  where  such  use  would  re- 
sult in  the  undue  waste  of  geothermal 
energy. 

§ 3242.2—3  Water  wells  on  geothermal 
areas. 

All  leases  issued  under  these  regula- 
tions shall  be  subject  to  the  condition 
that,  where  the  lessee  finds  only  potable 
water  in  any  well  drilled  for  production 
of  geothermal  resources,  the  Secretary 
may,  when  the  water  is  of  such  quality 
and  quantity  as  to  be  valuable  and  use- 
able  for  agricultural,  domestic,  or  other 
purpose,  acquire  the  well  with  casing  in- 
stalled in  the  well  at  the  fair  market 
value  of  the  casing. 

§ 3242.2—4  State  water  laws. 

Nothing  in  these  regulations  shall  con- 
stitute an  express  or  Implied  claim  or 
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denial  on  the  part  of  the  Federal  Gov- 
ernment as  to  Its  exemption  from  State 
water  laws. 

Subpart  3243 — Cooperative 
Conservation  Provisions 
§ 3243.1  Cooperative  or  unit  plans. 

For  the  purpose  of  more  properly  con- 
serving the  natural  resources  of  any 
geothermal  pool,  field  or  like  area, 
lessees  and  their  representatives  may 
unite  with  each  other  or  jointly  or 
separately  with  others,  in  collectively 
adopting  and  operating  under  a coop- 
erative or  unit  plan  of  development  or 
operation  of  any  geothermal  resource 
area,  or  any  part  thereof  (whether  or 
not  any  part  of  that  geothermal  resource 
area  Is  then  subject  to  any  cooperative 
or  unit  plan  of  development  or  opera- 
tion). Applications  to  unitize  shall  be 
filed  with  the  Supervisor  who  shall  cer- 
tify whether  such  plan  is  necessary  or 
advisable  In  the  public  interest.  The  pro- 
cedure in  obtaining  approval  of  a coop- 
erative or  unit  plan  of  development,  the 
provisions  for  the  supervision  of  the  coop- 
erative or  unit  plan,  and  a suggested  text 
of  an  agreement,  are  contained  in  30 
CFR  Part  271. 

§ 3243.2  Acreage  chargeability. 

All  leases  committed  to  any  unit  or 
cooperative  plan  approved  or  prescribed 
by  the  Supervisor  shall  be  excepted  in 
determining  holdings  or  control  for  pur- 
poses of  acreage  chargeability.  For  the 
extension  of  leases  committed  to  a unit 
plan,  see  Subpart  3203  of  this  part. 

§ 3243.3  Communitization  or  drilling 

agreements. 

§ 3243.3—1  Approval. 

(a)  The  Supervisor  is  authorized, 
when  separate  tracts  under  lease  cannot 
be  independently  developed  and  oper- 
ated in  conformity  with  an  established 
well-spacing  or  well-development  pro- 
gram, to  approve,  or  to  require  lessees  to 
enter  into,  communitization  or  drilling 
agreements  providing  for  the  apportion- 
ment of  production  or  royalties  among 
the  separate  tracts  of  land  comprising 
the  drilling  or  spacing  unit  for  the  lease, 
or  any  portion  thereof,  with  other  lands, 
whether  or  not  owned  by  the  United 
States,  when  in  the  public  interest.  Op- 
erations or  production  pursuant  to  such 
an-  agreement  shall  be  deemed  to  be  op- 
erations or  production  as  to  each  lease 
committed  thereto. 

(b)  Preliminary  requests  to  communi- 
tize  separate  tracts  shall  be  filed  in  trip- 
licate with  the  Supervisor. 

(c)  Executed  agreements  shall  be  sub- 
mitted to  the  Supervisor  in  sufficient 
number  to  permit  retention  of  five  copies 
after  approval. 

§ 3243.3—2  Requirements. 

The  agreement  shall  describe  the  sepa- 
rate tracts  comprising  the  drilling  or 
spacing  unit,  disclose  the  apportionment 
of  the  production  or  royalties  to  the  sev- 
eral parties  and  the  name  of  the  opera- 
tor, and  shall  contain  adequate  provi- 


sions for  the  protection  of  the  Interests 
of  all  parties,  Including  the  United  States. 
The  agreement  mu't  be  signed  by  or  in 
behalf  of  all  interested  necessary  parties 
and  will  be  effective  only  after  approval 
by  the  Supervisor. 

§ 3243.4  Operating,  drilling,  develop- 
ment contracts  or  a combination  for 
joint  operations. 

§ 3243.4—1  Approval. 

(a)  The  Secretary  may  on  such  con- 
ditions as  he  may  prescribe,  approve 
operating,  drilling,  or  development  con- 
tracts made  by  one  or  more  geothermal 
lessees,  with  one  or  more  persons,  asso- 
ciations, including  partnerships,  or  cor- 
poration whenever  he  shall  determine 
that  such  contracts  are  required  for  the 
conservation  of  natural  resources  or  in 
the  best  interest  of  the  United  States. 

(c)  Contracts  submitted  for  approval 
under  this  section  should  be  filed  with 
the  Supervisor  together  with  enough 
copies  to  permit  retention  of  five  copies 
after  approval. 

(d)  The  authority  6f  the  Secretary  to 
approve  operating,  drilling,  or  develop- 
ment contracts  without  regard  to  acreage 
limitations  ordinarily  will  be  exercised 
only  to  permit  operators  to  enter  into 
contracts  with  a number  of  lessees  suf- 
ficient to  justify  operations  on  a large 
scale  for  the  discovery,  development, 
production,  or  transmission,  transporta- 
tion, or  utilization  of  geothermal  re- 
sources, and  to  finance  the  same. 

§ 3243.4—2  Requirements. 

(a)  The  contract  must  be  accompanied 
by  a statement  showing  all  the  interests 
held  by  the  contractor  in  the  area  or 
field  and  the  proposed  or  agreed  plan  of 
operation  or  development  of  the  field. 
All  the  contracts  held  by  the  same  con- 
tractor in  the  area  or  field  should  be  sub- 
mitted for  approval  at  the  same  time, 
and  full  disclosure  of  the  project  made. 
Complete  details  must  be  furnished  in 
order  that  the  Secretary  may  have  facts 
upon  which  to  make  a definite  deter- 
mination in  accordance  herewith  and 
to  prescribe  the  conditions  on  which  ap- 
proval of  the  contracts  shall  be  made. 

(b)  The  application  must  show  a rea- 
sonable need  for  the  contract  and  that 
it  will  not  result  in  any  concentration  of 
control  over  the  production  or  sale  of 
geothermal  resources  which  would  be  in- 
consistent with  the  antimonopoly  pro- 
visions of  law. 

§ 3243.4—3  Acreage  chargeability. 

All  leases  operated  under  approved  op- 
erating, drilling  or  development  con- 
tracts or-a-combination-for-joint-oper- 
ations-and-interests-thereunder,  shall  be 
excepted  in  determining  holdings  or  con- 
trol for  purposes  of  acreage  chargeability. 

Subpart  3244 — Terminations  and 
Expirations 

§ 3244.1  Relinquishments. 

(a)  A lease,  or  any  legal  subdivision  of 
the  area  covered  by  such  lease,  may  be 
surrendered  by  the  record  title  holder  by 
filing  a written  relinquishment  in  tripli- 


cate in  the  proper  BLM  office,  provided 
the  partial  relinquishment  does  not  re- 
duce the  remaining  acreage  in  the  lease 
to  less  than  640  acres,  except  where  a 
departure  is  occasioned  by  an  irregular 
subdivision  in  which  case  the  remaining 
leased  acreage  may  be  less  than  640 
acres  by  an  amount  which  is  smaller  than 
the  amount  by  Which  the  area  would  be 
more  than  640  acres  if  the  irregular  sub- 
division were  added,  and  except  that  the 
minimum  acreage  provision  of  this  sec- 
tion may  be  Waived  by  the  Secretary 
where  he  finds  such  exception  is  justified 
on  the  basis  of  exploratory  and  develop- 
ment data  derived  from  activity  on  the 
leasehold.  The  relinquishment  must:  (1) 
describe  the  lands  to  be  relinquished  as 
described  in  the  lease;  (2)  include  a 
statement  as  to  whether  the  relinquished 
lands  had  been  disturbed  and  if  so 
whether  they  were  restored  as 
prescribed  by  the  terms  of  the 
lease;  (3)  state  whether  wells  had  been 
drilled  on  the  lands  and  if  so  whether 
they  had  been  placed  in  condition  for 
abandonment;  and  (4)  furnish  a state- 
ment that  all  moneys  due  and  payable  to 
workmen  employed  on  the  leased  prem- 
ises have  been  paid. 

(b)  A relinquishment  shall  take  effect 
on  the  date  it  is  filed,  subject  to  the  con- 
tinued obligation  of  the  lessee  and  his 
surety:  (1)  To  make  payments  of  all 
accrued  rentals  and  royalties;  (2)  to 
place  all  wells  on  the  land  to  be  relin- 
quished in  condition  for  suspension  of 
operations  or  abandonment;  (3)  to  re- 
store the  surface  resources  in  accordance 
with  all  regulations  and  the  terms  of  the 
lease;  and  (4)  to  comply  with  all  other 
environmental  stipulations  provided  for 
by  such  regulations  or  lease.  A statement 
must  be  furnished  that  all  moneys  due 
and  payable  to  workmen  employed  on  the 
leased  premises  have  been  paid. 

§ 3244.2  Automatic  terminations  and 
reinstatements. 

§ 3244.2-1  General. 

Except  as  provided  in  § 3245.2-2  any 
lease  will  automatically  terminate  by 
operation  of  law  if  the  lessee  fails  to  pay 
the  rental  on  or  before  the  anniversary 
date  of  such  leqse.  However,  if  the  time 
for  payment  falls  upon  any  day  in  which 
the  proper  office  to  receive  payment  is 
not  open,  payment  received  on  the  next 
official  working^  day  shall  be  deemed  to 
be  timely.  The  termination  of  the  lease 
for  failure  to  hay  the  rental  must  be 
noted  on  the  official  records  of  the  proper 
BLM  office.  Upon  such  notation  the  lands 
included  in  such  lease  will  become  sub- 
ject to  leasing  as  provided  for  in  Sub- 
part  3211  of  this  part. 

§ 3244.2—2  Exceptions. 

(a)  Nominal  deficiency.  If  the  rental 
payment  due  under  a lease  is  paid  on  or 
before  its  anniversary  date  but  the 
amount  of  the  payment  is  deficient  and 
the  deficiency  is  nominal,  the  lease  shall 
not  have  autoniatically  terminated  un- 
less the  lessee  ffliils  to  pay  the  deficiency 
within  the  period  prescribed  in  a Notice 
of  Deficiency,  or  by  the  due  date,  which- 
ever is  later.  A deficiency  is  nominal  if 
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it  is  not  more  than  $10  or  one  percentum 
(1%)  of  the  total  payment  due,  which- 
ever is  more.  The  authorized  officer  shall 
send  a Notice  of  Deficiency  to  the  lessee 
on  an  approved  form.  The  Notice  shall  be 
sent  by  certified  mail,  return  receipt  re- 
quested, and  shall  allow  the  lessee  15  days 
from  the  date  of  receipt  to  submit  the 
full  balance  due  to  the  proper  BLM  of- 
fice. If  the  payment  called  for  in  the 
notice  is  not  made  within  the  time  al- 
lowed, the  lease  will  have  terminated  by 
operation  of  law  as  of  its  anniversary 
date. 

(b)  Reinstatements.  (1)  Except  as 
hereinafter  provided,  the  authorized  offi- 
cer may  reinstate  a lease  which  has 
terminated  automatically  for  failure  to 
pay  the  full  amount  of  rental  due  on  or 
before  the  anniversary  date,  if  it  is  shown 
to  his  satisfaction  that  such  failure  was 
either  justifiable  or  not  due  to  a lack  of 
reasonable  diligence  on  the  part  of  the 
lessee:  and  a petition  for  reinstatement, 
together  with  the  required  rental,  includ- 
ing any  back  rental  which  has  accrued 
from  the  date  of  termination  of  the 
lease,  is  filed  with  the  proper  BLM  office. 

(2)  The  burden  of  showing  that  the 
failure  to  pay  on  or  before  the  anniver- 
sary date  was  justifiable  or  not  due  to 
lack  of  reasonable  diligence  will  be  on 
the  lessee.  Reasonable  diligence  nor- 
mally requires  sending  or  delivering 
payments  sufficiently  in  advance  of  the 
anniversary  date  to  account  for  normal 
delays  in  the  collection,  transmittal,  and 
delivery'  of  the  payment.  The  author- 
ized officer  may  require  evidence,  such 
as  post  office  receipts,  of  the  time  of 
sending  or  delivery  of  payments. 

(3)  Under  no  conditions  will  a lease 
be  reinstated  if  (i)  a valid  lease  has  been 
issued  prior  to  the  filing  of  a petition  for 
reinstatement  affecting  any  of  the  lands 
covered  by  the  terminated  lease,  or  (ii) 
the  interest  in  the  lands  has  been  with- 
drawn, disposed  of,  or  has  otherwise 
become  unavailable  for  leasing.  How- 
ever, the  authorized  officer  will  not  issue 
a new  lease  for  lands  covered  by  a lease 
which  terminated  automatically  until  90 
days  after  the  date  of  termination. 

(4)  Reinstatement  of  terminated 
leases  is  discretionary  with  the  Secre- 
tary. The  basic  criterion  in  accordance 
with  which  this  discretion  will  be  exer- 
cised is  whether  the  Secretary  would  be 
willing  to  issue  a lease  if  a new  lease 
offer  for  the  same  land  were  under  con- 
sideration. 

§ 3244.3  Termination  of  lease  for  non- 
compliance  with  regulations  or  lease 
terms;  notice;  hearing. 

A lease  may  be  terminated  by  the  au- 
thorized officer  for  any  violation  of  these 
regulations,  the  regulations  in  30  CFR 
Part  270,  or  the  lease  terms,  30  days  after 
receipt  by  the  lessee  of  notice  from  the 
authorized  officer  of  the  violation,  unless 

(a)  the  violation  has  been  corrected,  or 

(b)  the  violation  is  one  that  cannot  be 
corrected  within  the  notice  period  and 
the  lessee  has  in  good  faith  commenced 
within  the  notice  period  to  correct  the 


violation  and  thereafter  proceeds  dili- 
gently to  complete  the  correction.  A lessee 
shall.be  entitled  to  a hearing  on  the  mat- 
ter of  any  such  claimed  violation  or  pro- 
posed termination  of  lease  if  a request  for 
a hearing  is  made  to  the  authorized  offi- 
cer within  the  30-day  period  after  notice. 
The  procedures  with  respect  to  notice  of 
such  hearing  and  the  conduct  thereof, 
and  with  respect  to  appeals  from  deci- 
sions of  hearing  examiners  upon  such 
hearings,  shall  follow  insofar  as  practi- 
cable the  procedural  rules  applicable  to 
hearings  and  appeals  in  public  lands 
cases  within  the  jurisdiction  of  the  Board 
of  Land  Appeals,  Office  of  Hearings  and 
Appeals,  contained  in  Department  Hear- 
ings and  Appeals  Procedures,  Part  4 of 
this  title.  The  period  for  correction  of 
violation  or  commencement  to  correct  a 
violation  of  regulations  or  of  lease  terms, 
as  aforesaid,  shall  be  extended  to  30  days 
after  the  lessee’s  receipt  of  the  hearing 
examiner’s  decision  upon  such  a hearing 
if  the  hearing  examiner  shall  find  that 
a violation  exists. 

§ 3244.4  Expiration  by  operation  of 
law. 

Any  lease  for  land  on  which,  or  for 
which  under  an  approved  cooperative  or 
unit  plan  of  development  or  operation, 
there  is  no  production  in  commercial 
quantities,  or  a producing  well,  or  actual 
drilling  operations  being  diligently  pros- 
ecuted, will  expire  at  the  end  of  its  pri- 
mary term  without  notice  to  the  lessee. 
Notation  of  such  expiration  need  not  be 
made  on  the  official  records,  but  the  lands 
previously  covered  by  that  expired  lease 
will  be  subject  to  the  filing  of  new  appli- 
cations or  nominations  for  leases  only 
as  provided  in  these  regulations. 

§ 3244.5  Removal  of  materials  and  sup- 
plies upon  termination  of  lease. 

Upon  the  expiration  of  the  lease,  or  the 
earlier  termination  thereof  pursuant  to 
this  subpart,  the  lessee  shall  have  the 
privilege  at  any  time  within  a period  of 
ninety  (90)  days  thereafter  of  removing 
from  the  premises  any  materials,  tools, 
appliances,  machinery,  structures,  and 
equipment  other  than  improvements 
needed  for  producing  wells.  Any  mate- 
rials, tools,  appliances,  machinery,  struc- 
tures, and  equipment  subject  to  removal, 
but  not  removed  within  the  90-day 
period,  or  any  extension  thereof  that  may 
be  granted  because  of  adverse  climatic 
conditions  during  that  period,  shall,  at 
the  option  of  the  Supervisor,  become 
property  of  the  lessor,  but  the  lessee  shall 
remove  any  or  all  such  property  where  so 
directed  by  the  lessor. 

Dated  July  18, 1973. 

William  W.  Lyon, 
Deputy  Under  Secretary 
of  the  Interior. 

[FR  Doc.73-15059  Filed  7-20-73:8:45  am] 


Geological  Survey 
[ 30  CFR  Parts  270,  271  ] 

GEOTHERMAL  RESOURCES  OPERA- 
TIONS ON  PUBLIC,  ACQUIRED 
AND  WITHDRAWN  LANDS  AND 
GEOTHERMAL  RESOURCES  UNIT 
PLAN  REGULATIONS  (including 
suggested  forms) 

Notice  of  Proposed  Rulemaking 

The  purpose  of  this  revision  in  the 
proposed  rulemaking  for  implementing 
the  Geothermal  Steam  Act  of  Decem- 
ber 24,  1970  (30  U.S.C.  1001-1025),  is  to 
provide  the  public  with  revisions 
planned  as  a result  of  the  public  hearings 
and  comments  received  on  the  Draft  En- 
vironmental Statement  and  previously 
published  proposed  rulemaking  on  opera- 
tions and  units  (36  F.R.  13722,  8994,  and 
37  FR  25300).  The  Act  provides  for  the 
leasing  of  public  lands  for  the  purpose 
of  geothermal  resource  exploration,  de- 
velopment and  production.  The  changes 
in  these  regulations,  since  the  last  pub- 
lication on  November  29,  1972,  are  pri- 
marily administrative  and  procedural  in 
nature  and  the  environmental  impact  of 
these  regulations  is  not  believed  to  be 
significantly  different  from  the  impact 
of  the  regulations  previously  published. 

It  is  the  policy  of  the  Department  of 
the  Interior,  whenever  practicable,  to 
afford  the  public  an  opportunity  to  par- 
ticipate in  the  rulemaking  process.  Ac- 
cordingly, interested  parties  may  sub- 
mit written  comments,  suggestions,  or 
objections  with  respect  to  the  proposed 
regulations  to  the  Geothermal  Coordina- 
tor, Department  of  the  Interior,  Wash- 
ington, D C.  20240,  within  30  days  of  the 
date  of  publication  of  this  notice  in  the 
Federal  Register. 

A Final  Environmental  Statement  will 
be  issued  in  accordance  with  the  provi- 
sions of  section  102(2)  (C)  of  the  Na- 
tional Environmental  Policy  Act  of  1969 
(42  U.S.C.  4332(2)  (C) ) prior  to  promul- 
gation of  any  operating  and  unit 
regulations. 

PART  270 — GEOTHERMAL  RESOURCES 
OPERATIONS  ON  PUBLIC,  ACQUIRED, 
AND  WITHDRAWN  LANDS 

General  Provisions 

Sec. 

270.1  Purpose  and  authority. 

270.2  Definitions. 

Jurisdiction  and  Functions  of  Supervisor 

270.10  jurisdiction. 

270.11  General  functions. 

270.12  Regulation  of  operations. 

270.13  Required  samples,  tests,  and  surveys. 

270.14  Drilling  and  abandonment  of  wells. 

270.15  Well  spacing  and  well  casing. 

270.16  Values  and  payment  for  losses. 

270.17  Suspension  of  operations  and  pro- 

duction. 

Requirements  for  Lessees 

270.30  Lease  terms,  regulations,  waste,  dam- 

age, and  safety. 

270.31  Designation  of  operator  or  agent. 

270.32  Local  agent. 

270.33  Drilling  and  producing  obligations. 
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Sec. 

370.34  PUn  of  operation. 

370.36  Subsequent  well  operations. 

370.36  Well  designations. 

370.37  Well  records. 

370.38  Samples,  tests,  and  surveys. 

370.39  Directional  survey. 

370.40  Well  control. 

370.41  Pollution. 

270.4J2  Noise  abatement. 

370.43  Land  subsidence  and  seismic  activity. 

370.44  Pits  or  sumps. 

370.46  Well  abandonment. 

370.46  Accidents. 

370.47  Workmanlike  operations. 

370.48  Departure  from  orders. 

270.49  Sales  contracts. 

370.60  Royalty  payments, 

Measurement  or  Production  and  Computa- 
tion or  Royalties 

370.60  Measurement  of  geothermal  re- 

sources. 

370.61  Determination  of  content  of  by- 

products. 

370.62  Value  of  geothermal  production  for 

computing  royalties. 

370.63  Computation  of  royalties. 

370.64  Commingling  production. 

Reports  To  Be  Mad*  by  All  Lessees  (In- 
cluding Operators) 

270.70  General  requirements. 

270.71  Applications  for  permits  to  drill,  re- 

drill, deepen,  or  plug-back. 

270.72  Sundry  notices  and  reports  on  wells. 

270.73  Log  and  history  of  well. 

270.74  Monthly  report  of  operations. 

370.76  Monthly  report  of  sales  and  royalty. 

370.76  Annual  report  of  compliance  with 

environmental  protection  require- 
ments. 

370.77  Annual  report  of  expenditures  for 

diligent  exploration  operations. 

270.78  Forms  or  reports. 

370.79  Public  Inspection  of  records. 

Procedure  in  Case  op  Violation  op  the 
Regulations  or  Lease  Terms 

370.80  Noncompllance  with  regulations  or 

lease  terms. 

Appeals 

270.90  Appeals. 

General  Provisions 

| 270.1  Purpose  and  authority. 

The  Geothermal  Steam  Act  enacted 
on  December  24,  1070  (84  Stat.  1060) 
referred  to  In  this  part  as  "the  Act",  au- 
thorises the  Seeretary  of  the  Interior  to 
preeorlbe  rules  and  regulations  applica- 
ble to  operations  conducted  under  a lease 
granted  pursuant  to  that  Aot,  and  for 
the  development  and  conservation  of 
geothermal  steam  and  associated  geo- 
thermal resources,  the  prevention  of 
waste,  the  protection  of  the  public  in- 
terest, and  the  protection  of  water  qual- 
ity, and  other'  environmental  qualities. 
The  regulations  in  this  part  shall  be  ad- 
ministered by  the  Director  through  the 
Chief,  Conservation  Division,  or  his  duly 
appointed  representative. 

§ 270.2  Definitions. 

As  used  in  the  regulations  In  this  part, 
the  term: 

(a)  "Secretary"  means  the  Secretary 
of  the  Interior  or  any  person  duly  au- 
thorized to  exercise  the  powers  vested  in 
that  officer. 

(b)  "Director”  means  the  Director  of 
the  Geological  Survey. 


(c)  "Supervisor”  means  a representa- 
tive of  the  Secretary,  subject  to  the  direc- 
tion and  supervisory  authority  of  the 
Director,  the  Chief,  Conservation  Divi- 
sion, Geological  Survey,  and  the  appro- 
priate Regional  Conservation  Manager, 
Conservation  Division,  Geological  Sur- 
vey, authorized  and  empowered  to  regu- 
late operations  and  to  perform  other 
duties  prescribed  In  the  regulations  in 
this  part  or  any  subordinate  of  such  a 
representative  acting  under  his  direction. 

(d)  "Geothermal  lease”  means  a lease 
Issued  under  43  CFR  Group  3200. 

(e)  “Lessee”  means  the  Individual, 
corporation,  association,  or  municipality 
to  which  a geothermal  lease  has  been 
Issued  and  its  successor  in  interest  or  as- 
signee. It  also  means  any  agent  of  the 
lessee  or  an  operator  holding  authority 
by  or  through  the  lessee. 

(f)  "Operator"  means  the  individual, 
corporation,  or  association  having  con- 
trol or  management  of  operations  on  the 
leased  lands  or  a portion  thereof.  The 
operator  may  be  the  lessee,  designated 
operator,  or  agent  of  (he  lessee,  or  holder 
of  rights  under  an  approved  operating 
agreement. 

(g)  "Geothermal  resources”  means 

(1)  all  products  of  geothermal  processes, 
embracing  Indigenous  steam,  hot  water, 
and  hot  brines;  (2)  steam  and  other 
gases,  hot  water,  and  hot  brines,  result- 
ing from  water,  gas,  or  other  fluids  arti- 
ficially Introduced  into  geothermal  for- 
mations; (3)  heat  or  other  associated 
energy  found  In  geothermal  formations; 
and  (4)  any  byproduct  derived  there- 
from. 

(h)  “Byproduct”  means  (1)  any  min- 
eral or  minerals  (exclusive  of  oil,  hydro- 
carbon gas,  and  helium),  which  are 
found  in  solution  or  developed  in  asso- 
ciation with  geothermal  steam  and  which 
have  a value  of  less  than  75  per  centum 
of  the  value  of  the  geothermal  steam  or 
are  not,  because  of  quantity,  quality,  or 
technical  difficulties  In  extraction  and 
production,  of  sufficient  value  to  warrant 
extraction’  and  production  by  themselves, 
and  (2)  commercially  demineralized 
water, 

(I)  "Participating  area”  means  that 
part  of  the  unit  area  which  Is  deemed  to 
be  productive  from  a horizon  or  deposit 
and  to  which  production  would  be  allo- 
cated In  the  manner  described  In  the  unit 
agreement  assuming  that  all  lands  are 
committed  to  the  unit  agreement. 

(J)  "Waste”  means  (1)  physical  waste, 
as  that  term  Is  generally  understood; 

(2)  waste  of  reservoir  energy  through  In- 
efficiency, Improper  use  of  or  unneces- 
sary dissipation  of  reservoir  energy; 

(3)  the  location,  spacing,  drilling,  equip- 
ping, operating,  or  producing  of  any 
geothermal  well  or  wells  In  a manner 
which  causes  or  tends  to  cause  reduc- 
tion In  the  quantity  of  geothermal 
energy  ultimately  recoverable  from  a 
reservoir  under  prudent  and  workman- 
like operations  or  which  tends  to  cause 
unnecessary  or  excessive  surface  or  sub- 
surface loss  or  destruction  of  geother- 
mal energy;  and  (4)  the  Inefficient 
transmission  of  geothermal  energy  from 


the  source  (wellhead)  to  point  of 
utilization. 

(k)  "Directionally  drilled  well”  means 
the  deviation  of  a well  bore  from  the  ver- 
tical or  from  Its  normal  course  in  an 
Intended  predetermined  direction  or 
course  with  respect  to  the  points  of  the 
compass.  Directionally  drilled  well  shall 
not  Include  a well  deviated  for  the  pur- 
pose of  straightening  a hole  that  has  be- 
come crooked  In  the  normal  course  of 
drilling  or  holes  deviated  at  random 
without  regard  to  compass  direction  in 
an  attempt  to  sidetrack  a portion  of  the 
hole  on  account  of  mechanical  difficulty 
in  drilling. 

(l)  "Geothermal  resources  opera- 
tional order”  or  “GRO  order”  means  a 
formal  numbered  order,  Issued  by  the  Su- 
pervisor, with  the  prior  approval  of  the 
Chief,  Conservation  Division,  Geological 
8urvey,  which  implements  the  regula- 
tions In  this  part  and  applies  to  opera- 
tions in  an  area,  region,  or  any  significant 
portion  thereof. 

(m)  “Producible  well”  means  a well 
which  Is  capable  of  producing  geother- 
mal resources  in  commercial  quantities. 

(n)  "Commercial  quantities”  means 
quantities  sufficient  to  pay  a profit  after 
all  costs  of  production  have  been  met. 

(o)  "Area  of  operations"  means  that 
area  of  the  leased  lands  which  Is  required 
for  exploration,  development,  and  pro- 
ducing operations,  and  which  is  de- 
lineated on  a map  or  plat  which  is  made 
a part  of  the  approved  plan  of  operations. 
It  encompasses  the  area  generally  needed 
for  wells,  flow  lines,  separators,  surge 
tanks,  drill  pads,  mud  pits,  workshops, 
and  other  such  facilities  used  for  on- 
project  geothermal  resources  field  ex- 
ploration, development,  and  production 
operations. 

Jurisdiction  and  Functions 
of  Supervisor 

g 270.10  Jurisdiction. 

Drilling  and  production  operations, 
handling  and  measurement  of  produc- 
tion, determination  and  collection  of 
royalty  and,  in  general,  all  operations 
oonducted  on  a geothermal  lease  are 
subject  to  the  regulations  In  this  part  and 
the  applicable  regulations  contained  In 
43  CFR  Group  3200,  and  are  under  the 
Jurisdiction  of  the  Supervisor  for  the 
region  In  which  the  leased  land  Is  situ- 
ated, subject  to  the  supervisory  authority 
of  the  Secretary  and  the  Director, 

g 270.11  General  function-. 

The  Supervisor  Is  authorized  and  di- 
rected to  carry  out  the  provisions . of 
this  part.  He  will  require  compliance 
with  the  terms  of  geothermal  leases, 
with  the  regulations  In  this  part  and  the 
applicable  regulations  In  43  CFR  Group 
3200,  and  with  the  applicable  statutes. 
He  shall  act  on  all  applications,  requests, 
and  notices  required  In  this  part.  In 
executing  his  functions  under  this  part 
the  Supervisor  shall  ensure  that  all 
operations,  within  the  area  of  opera- 
tions, will  conform  to  the  best  practice 
and  are  conducted  in  such  manner  as 
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to  protect  the  deposits  of  the  leased 
lands  and  to  result  in  the  maximum  ul- 
timate recovery  of  geothermal  resources, 
with  minimum  waste,  and  are  consistent 
with  the  principles  of  the  use  of  the 
land  for  other  purposes  and  of  the  pro- 
tection of  the  environment.  Inasmuch  as 
conditions  in  one  area  may  vary  widely 
from  conditions  in  another  area,  the 
regulations  in  this  part  are  intended  to 
be  general  in  nature.  Detailed  proce- 
dures hereunder  in  any  particular  area 
will  be  covered  by  GRO  orders.  The  re- 
quirements to  be  set  forth  in  GRO  orders 
relating  to  surface  resources  or  uses  will 
be  coordinated  with  the  appropriate  land 
management  agency.  The  Supervisor 
may  issue  oral  orders  to  govern  lease 
operations,  but  such  orders  shall  be  con- 
firmed in  writing  by  the  Supervisor  as 
promptly  as  possible.  The  Supervisor 
may  issue  other  orders  and  rules  to  gov- 
ern the  development  and  method  for  pro- 
duction of  a deposit,  field,  or  area.  Prior 
to  the  issuance  of  GRO  orders  and  other 
orders  and  rules  and  the  approval  of  any 
plan  of  operations  or  any  plan  of  devel- 
opment, the  Supervisor  shall,  as  appro- 
priate, consult  with,  and  receive  com- 
ments from  Federal  and  State  agencies, 
lessees,  operators,  or  interested  parties. 
Before  permitting  other  operations  on 
the  leased  land,  the  Supervisor  shall  de- 
termine if  the  lease  is  in  good  standing, 
whether  the  lessee  is  authorized  to  con- 
duct operations,  has  filed  an  acceptable 
bond,  and  has  an  approved  plan  of 
operations. 

§ 270.12  Regulation  of  operations. 

The  Supervisor  shall  inspect  and 
supervise  operations  performed  under 
the  regulations  in  this  part  to:  (a)  Pre- 
vent waste  and  damage  to  formations 
or  deposits  containing  geothermal  re- 
sources; (b)  prevent  unnecessary  dam- 
age to  other  natural  resources;  (c)  pre- 
vent degradation  of  the  water  quality; 

(d)  protect  air  quality,  water  quality, 
and  other  envirdnmental  qualities;  and 

(e)  prevent  injury  to  life  or  property. 
The  Supervisor  shall  issue  such  GRO 
orders  as  are  necessary  to  accomplish 
these  purposes. 

§ 270.13  Required  samples,  tests,  and 
surveys. 

When  necessary  or  advisable,  the 
Supervisor  shall  require  that  adequate 
samples  be  taken  and  tests  or  surveys 
be  made  using  acceptable  techniques, 
without  cost  to  the  lessor,  to  determine 
the  identity  and  character  of  forma- 
tions; the  presence  of  geothermal  re- 
sources, water,  or  reservoir  energy;  the 
quantity  and  quality  of  geothermal  re- 
sources, water  or  reservoir  energy;  the 
amount  and  direction  of  deviation  of  any 
well  from  the  vertical;  formation,  cas- 
ing, and  tubing  pressures,  temperatures, 
rate  of  heat  and  fluid  flow,  and  whether 
operations  are  conducted  in  a manner 
looking  to  the  protection  of  the  Interests 
of  the  lessor. 

g 270.14  Drilling  and  abandonment  of 
wells. 

The  Supervisor  shall  require  that  drill- 
ing be  conducted  in  accordance  with 
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the  terms  of  the  lease,  GRO  orders,  and 
the  regulations  in  this  part  and  43  CFR 
Group  3200;  and  shall  require  plugging 
and  abandonment  of  any  well  or  wells 
no  longer  necessary  for  operations  in 
accordance  with  plans  approved  or  pre- 
scribed by  him.  Upon  the  failure  of  a 
lessee  to  comply  with  any  requirement 
under  this  section,  the  Supervisor  is 
authorized  to  perform  the  work  at  the 
expense  of  the  lessee  and  the  surety. 

§ 270.15  Well  spacing  and  well  casing. 

The  Supervisor  shall  approve  pro- 
posed well-spacing  and  well-casing  pro- 
grams or  prescribe  such  modifications 
to  the  programs  as  he  determines  neces- 
sary for  proper  development,  giving  con- 
sideration to  such  factors  as:  (a)  Topo- 
graphic characteristics  of  the  area;  (b) 
hydrologic,  geologic  and  reservoir  char- 
acteristics of  the  field;  (c)  the  number 
of  wells  that  can  be  economically  drilled 
to  provide  the  necessary  volume  of  geo- 
thermal resources  for  the  intended  use; 
(d)  protection  of  correlative  rights;  (e) 
minimizing  well  interference;  (f ) un- 
reasonable interference  with  multiple 
use  of  lands;  and  (g)  protection  of  the 
environment,  Including  ground  water 
quality. 

§ 270.16  Value*  and  payment  for  losses. 

The  Supervisor  shall  determine  the 
value  of  production  accruing  to  the 
lessor  where  there  is  loss  through  waste 
or  failure  to  drill  and  produce  protection 
wells  on  the  lease,  and  the  compensa- 
tion due  to  the  lessor  as  reimbursement 
for  such  loss.  Payment  for  such  losses 
will  be  paid  when  billed. 

§ 270.17  Suspension  of  operations  and 
production. 

(a)  On  receipt  of  an  application  filed 
in  accordance  with  43  CFR  3205.3-8  for 
suspension  of  operations  or  production, 
or  both,  under  a producing  geothermal 
lease  (or  for  relief  from  any  drilling  or 
producing  requirements  of  such  a lease) , 
the  Supervisor  may,  if  he  deems  the  sus- 
pension or  relief  warranted,  approve  the 
application. 

(b)  In  the  interest  of  conservation, 
the  Supervisor  may,  on  his  own  motion, 
suspend  operations  or  production,  or 
both,  on  any  geothermal  lease. 

(c)  Where  operations  or  production, 
or  both,  under  a lease,  have  been  sus- 
pended, the  Supervisor  may  approve  re- 
sumption of  operations  or  production 
either  on  his  own  motion  or  upon  writ- 
ten request  by  the  lessee  or  his  agent. 

(d)  Whenever  it  appears  from  facts 
adduced  by  or  furnished  to  the  Super- 
visor that  the  interest  of  the  lessor  re- 
quires additional  drilling  or  producing 
operations,  he  may,  by  written  notice, 
order  the  beginning  or  resumption  of 
such  operations. 

(e)  Any  action  of  the  Supervisor  under 
this  Section  shall  be  subject  to  the  right 
of  appeal  under  § 270.90. 

(f)  See  43  CFR  3205.3-7  and  3205.3-8 
for  regulations  concerning  requests  to 
waive,  suspend,  or  reduce  payments  of 
rental  or  royalty,  and  extensions  of  leases 
on  which  operations  or  production  have 
been  suspended. 
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Requirements  for  Lessees 

(Including  Operators) 

§ 270.30  Lease  terms,  regulations,  waste, 
damage,  and  safety. 

(a)  The  lessee  shall  comply  with  the 
lease  terms,  lease  stipulations,  applicable 
laws  and  regulations  and  any  amend- 
ments thereof,  GRO  orders,  and  other 
written  or  oral  orders  of  the  Supervisor. 
All  oral  orders  (to  be  confirmed  in  writ- 
ing as  provided  in  S 270.11)  are  effective 
when  Issued  unless  otherwise  specified. 

(b)  The  lessee  shall  take  all  reason- 
able precautions  to  prevent:  (1)  Waste; 
(2)  damage  to  any  natural  resource  in- 
cluding trees  and  other  vegetation,  fish 
and  wildlife  and  their  habitat;  (3)  injury 
or  damage  to  persons,  real  or  personal 
property;  and  (4)  any  environmental 
pollution  or  damage. 

(c)  Any  significant  effect  on  the  en- 
vironment created  by  the  lessee’s  opera- 
tions or  failure  to  comply  with  environ- 
mental standards  shall  be  reported  to 
the  Supervisor  within  24  hours  and  con- 
firmed in  writing  within  30  days. 

§ 270.31  Designation  of  operator  or 
agent. 

In  all  cases  where  operations  are  not 
conducted  by  the  lessee  but  are  to  be 
conducted  under  authority  of  an  unap- 
proved operating  agreement,  assignment 
or  other  arrangement,  a “designation  of 
operator”  shall  be  submitted  to  the  Su- 
pervisor, in  a manner  and  form  approved 
by  him,  prior  to  commencement  of  op- 
erations. Such  a designation  will  be 
accepted  as  authority  of  the  operator  or 
his  local  representative  to  act  for  the 
lessee  and  to  sign  any  papers  or  reports 
required  under  the  regulations  in  this 
part.  All  changes  of  address  and  any  ter- 
mination of  the  authority  of  the  operator 
shall  be  immediately  reported,  in  writ- 
ing, to  the  Supervisor. 

§ 270.32  Local  agent. 

When  required  by  the  Supervisor,  the 
lessee  shall  designate  a local  representa- 
tive empowered  to  receive  notices  and 
comply  with  orders  of  the  Supervisor  is- 
sued pursuant  to  the  regulations  in  this 
part. 

§ 270.33  Drilling  and  producing  obliga- 
tion*. 

(a)  The  lessee  shall  diligently  drill  and 
produce  such  wells  as  are  necessary  to 
protect  the  lessor  from  loss  by  reason  of 
production  on  other  properties,  or  in  lieu 
thereof,  with  the  consent  of  the  Super- 
visor, shall  pay  a sum  determined  by  the 
Supervisor  as  adequate  to  compensate  the 
lessor  for  failure  to  drill  and  produce  any 
such  well. 

(b)  The  lessee  shall  promptly  drill  and 
produce  such  other  wells  as  the  Super- 
visor may  require  in  order  that  the  lease 
be  developed  and  produced  in  accordance 
with  good  operating  practices.  (See  43 
CFR  3204.5.) 

§ 270.34  Plan  of  operation. 

Prior  to  commencing  any  operations 
on  the  leased  lands  or  on  any  lands  cov- 
ered by  a unit  or  cooperative  agreement, 
the  lessee  shall  submit  and  obtain  the 
approval  of  the  Supervisor  and  the  ap- 
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propriate  land  management  agency  of  a 
plan  of  operation  for  the  area.  Such  plan 
shall  Include: 

(a)  The  proposed  location  of  each  well 
including  a layout  showing  the  position 
of  the  mud  tanks,  reserve  pits,  cooling 
towers,  pipe  racks,  etc.; 

(b)  Existing  and  planned  access  and 
lateral  roads; 

(c)  Location  and  source  of  water  sup- 
ply and  road  building  material; 

(d)  Location  of  camp  sites,  air-strips, 
and  other  supporting  facilities; 

(e)  . Methods  for  disposing  of  waste 
material;  and  for  protection  of  the  en- 
vironment; 

(f)  All  pertinent  information  or  data 
which  the  Supervisor  may  require  to 
support  the  plan  of  operations  for  the 
utilization  of  geothermal  resources  and 
the  protection  of  the  environment. 

(g)  Provisions  for  monitoring  deemed 
necessary  by  the  Supervisor  to  ensure 
compliance  with  these  regulations  for 
the  operations  under  the  plan;  and 

(h)  A requirement  for  the  collection 
of  data  concerning  the  existing  air  and 
water  quality,  noise,  seismic  and  land 
subsidence  activities,  and  ecological  sys- 
tem of  the  leased  lands  for  at  least  one 
year  prior  to  the  submission  of  a plan 
for  production. 

§ 270.35  Subsequent  ■well  operations. 

After  completion  of  all  operations  au- 
thorized under  any  previously  approved 
notice  or  plan,  the  lessee  shall  not  begin 
to  redrill,  repair,  deepen,  plug  back, 
shoot,  or  plug  and  abandon  any  well, 
make  casing  tests,  alter  the  casing  or 
liner,  stimulate  production,  change  the 
method  of  recovering  production,  or  use 
any  formation  or  well  for  brine  or  fluid 
Injection  until  he  has  submitted  to  the 
Supervisor  in  writing  a new  plan  of  op- 
erations and  has  received  written  ap- 
proval from  him.  However,  in  an  emer- 
gency a lessee  may  take  action  to  pre- 
vent damage  without  receiving  prior  ap- 
proval from  the  Supervisor,  but  in  such 
cases  the  lessee  shall  report  his  action  to 
the  Supervisor  as  soon  as  possible. 

§ 270.36  Well  designations. 

The  lessee  shall  mark  each  derrick 
upon  commencement  of  drilling  opera- 
tions and  each  producing  or  suspended 
well  in  a conspicuous  place  with  his  name 
or  the  name  of  the  operator,  the  serial 
number  of  the  lease,  the  number  and 
location  of  the  well.  Whenever  possible, 
the  well  location  shall  be  described  by 
section  or  tract,  township,  range,  and 
by  quarter-quarter  section  or  lot.  The 
lessee  shall  take  all  necessary  means  and 
precautions  to  preserve  these  markings. 

§ 270.37  Well  records. 

(a)  The  lessee  shall  keep  for  each 
well  at  his  field  headquarters  or  at  other 
locations  conveniently  available  to  the 
Supervisor,  accurate  and  complete  rec- 
ords of  all  well  operations  Including  pro- 
duction, drilling,  logging,  directional  well 
surveys,  casing,  perforation,  safety  de- 
vices, redrilling,  deepening,  repairing, 
cpmtenting,  alterations  to  casing,  plug- 
ging. and  abandoning,  The  records  shall 


contain  a description  of  any  unusual 
malfunction,  condition  or  problem;  all 
the  formations  penetrated;  the  content 
and  character  of  mineral  deposits  and 
water  in  each  formation;  thermal  gradi- 
ents, temperatures,'  pressures,  analyses 
of  geothermal  waters,  the  kind,  weight, 
size,  grade,  and  setting*  depth  of  casing: 
and  any  other  pertinent  information. 

(b)  The  lessee  shall,  within  30  days 
after  completion  of  any  well,  transmit 
to  the  Supervisor  copies  of  the  records 
of  all  operations  in  a form  prescribed 
by  the  Supervisor. 

(c)  Upon  request  of  the  Supervisor, 
the  lessee  will  furnish  (1)  legible,  exact 
copies  of  service  company  reports  on  ce- 
menting, perforating,  acidizing,  analyses 
of  cores,  electrical,  and  temperature  logs, 
chemical  analyses  of  steam  and  waters, 
or  other  similar  services;  (2)  other  re- 
ports and  records  of  operations  in  the 
manner  and  form  prescribed  by  the 
Supervisor. 

§ 270.38  Samples,  tests,  and  surveys. 

(a)  The  lessee,  when  required  by  the 
Supervisor,  will  make  adequate  sampling, 
tests  and/or  surveys  using  acceptable 
techniques,  to  determine  the  presence, 
quantity,  quality,  and  potential  of  geo- 
thermal resources,  mineral  deposits,  or 
water;  the  amount  and  direction  of  de- 
viation of  any  well  from  the  vertical; 
and/or  formation  temperatures  and 
pressures,  casing,  tubing,  or  other  pres- 
sures and  such  other  facts  as  the  Super- 
visor may  require.  Such  tests  or  surveys 
shall  be  made  without  cost  to  the  lessor. 

(b)  The  lessee  shall,  without  co6t  to 
the  lessor,  take  such  formation  samples 
or  cores  to  determine  the  identity  and 
character  of  any  formation  as  are  re- 
quired and  prescribed  by  the  Supervisor. 

§ 270-39  Directional  survey. 

The  Supervisor  may  require  an  angular 
deviation  and  directional  survey  to  be 
made  of  the  finished  hole  of  each  direc- 
tionally drilled  well.  The  survey  6hall  be 
made  at  the  risk  and  expense  of  the 
lessee  unless  requested  by  an  offset  lessee, 
and  then,  at  the  risk  and  expense  of  the 
offset  lessee.  A copy  of  the  survey  shall 
be  furnished  the  Supervisor. 

§270.40  Well  control. 

The  lessee  or  operator  shall:  (a)  Take 
all  necessary  precautions  to  keep  all  wells 
under  control  at  all  times;  (b)  utilize 
trained  and  competent  personnel;  <c) 
utilize  properly  maintained  equipment 
and  materials;  and  (d)  use  operating 
practices  which  Insure  the  safety  of  life 
and  property.  The  selection  of  the  types 
and  weights  of  drilling  fluids  and  provi- 
sions for  controlling  fluid  temperatures, 
blowout  preventers,  and  other  surface 
control  equipment  and  materials,  casing 
and  cementing  programs,  etc.,  to  be  used 
shall  be  based  on  sound  engineering  prin- 
ciples and  shall  take  into  account  appar- 
ent geothermal  gradients,  depths  and 
pressures  of  the  various  formations  to  be 
penetrated  and  other  pertinent  geologic 
and  engineering  data  and  information 
about  the  area. 


§ 270.41  Pollution. 

The  lessee  shall  comply  with  all  Fed- 
eral and  State  standards  with  respect 
to  the  control  of  all  forms  of  air,  land, 
water,  and  noise  pollution,  Including,  but 
not  limited  to,  the  control  of  erosion  and 
the  disposal  of  liquid,  solid,  and  gaseous 
wastes.  The  Supervisor  may,  in  his  dis- 
cretion, establish  additional  and  more 
stringent  standards,  and,  if  he  does  so, 
the  lessee  shall  comply  with  those 
standards.  Plans  for  disposal  of  well  efflu- 
ents must  take  into  account  effects  on 
surface  and  subsurface  waters,  plants, 
fish  and  wildlife  and  their  habitats,  at- 
mosphere, or  any  other  effects  which 
may  cause  or  contribute  to  pollution, 
and  such  plans  must  be  approved  by 
the  Supervisor  before  action  is  taken 
under  them. 

§ 270.42  Noise  abatement. 

The  lessee  shall  minimize  noise  diming 
exploration,  development  and  production 
activities.  Welfare  of  the  operating  per- 
sonnel and  the  public  must  not  be  af- 
fected as  a consequence  of  the  noise 
created  by  the  expanding  gases.  The 
method  and  degree  of  noise  abatement 
shall  be  as  approved  by  the  Supervisor. 

§ 270.43  Land  subsidence  and  seismic 
activity. 

In  the  event  subsidence  or  seismic 
activity  results  from  the  production  of 
geothermal  resources,  as  determined  by 
monitoring  activities  by  the  lessee  cm  a 
government  body,  the  lessee  shall  take 
such  action  as  required  by  the  lease  or 
by  the  Supervisor. 

§ 270.44  Pits  and  sumps. 

The  lessee  shall  provide  and  use  pits 
and  sump6  of  adequate  capacity  and  de- 
sign to  retain  all  materials  and  fluids 
necessary  to  drilling,  production,  or  other 
operations  unless  otherwise  specified  by 
the  Supervisor.  In  no  event  shall  the  con- 
tents of  a pit  or  sump  be  allowed  to:  (a) 
Contaminate  streams,  artificial  canals  or 
waterways,  ground  waters,  lakes  or 
rivers;  Cb)  adversely  affect  environment, 
persons,  plants,  fish  and  wildlife  and 
their  habitats;  or  (c)  damage  the  aes- 
thetic values  of  the  property  or  adjacent 
properties.  When  no  longer  needed.  Pits 
and  sumps  are  to  be  filled  and  covered 
and  the  premises  restored  to  a near 
natural  state,  as  prescribed  by  the 
Supervisor. 

§ 270.45  Well  abandonment. 

The  lessee  shall  promptly  plug  and 
abandon  any  wen  on  the  leased  land  that 
is  not  used  or  useful.  No  well  shall  be 
abandoned  until  its  lack  of  capacity  for 
further  profitable  production  of  geo- 
thermal resources  has  been  demonstrated 
to  the  satisfaction  of  the  Supervisor.  Be- 
fore abandoning  a producible  well,  the 
lessee  shall  submit  to  the  Supervisor  a 
statement  of  reasons  for  abandonment 
and  his  detailed  plans  for  carrying  on 
the  necessary  work.  The  detailed  plans 
shall  provide  for  the  preservation  of 
fresh  water  aquifers  and  for  the  pre- 
vention of  Intrusion  Into  such  aquifers 
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of  saline  or  polluted  waters.  A producible 
well  may  be  abandoned  only  after  receipt 
of  written  approval  by  the  Supervisor.  No 
well  shall  be  plugged  and  abandoned 
until  the  manner  and  method  of  plugging 
have  been  approved  ori  prescribed  by  the 
Supervisor.  Equipment  shall  be  removed, 
and  premises  at  the  well  site  shall  be 
restored  as  near  as  reasonably  possible  to 
Its  original  condition  Immediately  after 
plugging  operations  are  completed  on  any 
well  except  as  otherwise  authorized  by 
the  Supervisor.  Drilling  equipment  shall 
not  be  removed  from  any  suspended  drill- 
ing well  without  taking  adequate  meas- 
ures to  close  the  well  and  protect  the 
subsurface  resources. 

§ 270.46  Accidents. 

The  lessee  shall  take  all  reasonable 
precautions  to  prevent  accidents  and 
6 hall  notify  the  Supervisor  within  24 
hours  of  all  accidents  on  the  leased  land, 
and  shall  submit  a full  report  thereon 
within  15  days. 

§ 270.47  Workmanlike  operations. 

The  lessee  shall  carry  on  all  opera- 
tions and  maintain  the  property  at  all 
times  in  a workmanlike  manner,  having 
due  regard  for  the  conservation  of  the 
property  and  the  environment  and  for 
the  health  and  safetj  of  employees.  1716 
lessee  shall  remove  from  the  property  or 
store,  in  an  orderly  manner,  all  scrap  or 
other  materials  not  in  Use. 

§ 270.48  Departure  from  orders. 

The  Supervisor  may  prescribe  or  ap- 
prove either  In  writing  or  orally,  with 
prompt  written  confirmation,  variances 
from  the  requirements  of  GRO  orders 
and  other  orders  Issued  pursuant  to  these 
regulations,  when  such  variances  are 
necessary  for  the  proper  control  of  a well, 
conservation  of  natural  resources,  pro- 
tection of  human  health  and  safety, 
property,  or  the  environment.  The  Su- 
pervisor shall  inform  other  Federal  and 
State  agencies,  as  appropriate,  of  any 
action  taken  under  this  section. 

§ 270.49  Sales  contracts. 

The  lessee  shall  file  with  the  Super- 
visor within  30  days  after  the  effective 
date  of  the  sales  contract  a copy  of  any 
contract  for  the  disposal  of  geothermal 
resources  from  the  lease. 

§ 270.50  Royalty  payments. 

The  lessee  shall  pay  all  royalties  as  due 
under  the  terms  of  the  lease.  Payments 
of  royalties  are  due  not  later  than  the 
last  day  of  the  month  following  the 
month  in  which  the  resource  is  sold  or 
utilized,  and  shall  be  by  check,  bank 
draft,  or  money  order,  drawn  to  the 
order  of  the  United  States  Geological 
Survey. 

Measurement  or  Production  and  Com- 
putation oi  Royalties 

§ 270.60  Measurement  of  geothermal 
resources. 

The  lessee  shall  measure  or  gauge  all 
production  In  accordance  with  methods 
approved  by  the  Supervisor.  The  quan- 
tity and  quality  of  all  production  shall 


be  determined  in  accordance  with  the 
standard  practices,  procedures,  and 
specifications  generally  used  In  industry. 
All  measuring  equipment  shall  be  tested 
periodically  and,  if  found  defective,  the 
Supervisor  will  determine  the  quantity 
and  quality  of  production  from  the  best 
evidence  available. 

§ 270.61  Determination  of  content  of 
byproducts. 

The  lessee  shall  periodically  furnish 
the  Supervisor  the  results  of  periodic 
tests  showing  the  content  of  byproducts 
in  the  produced  geothermal  fluid  and 
gases.  Such  tests  shall  be  taken  as  speci- 
fied by  the  Supervisor  and  by  the  method 
of  testing  approved  by  him. 

§ 270.62  Value  of  geothermal  produc- 
tion for  computing  royalties, 

(a)  The  value  of  geothermal  produc- 
tion from  the  leased  premises  for  the 
purpose  of  computing  royalties  shall  be 
the  reasonable  value  of  the  energy  and 
the  byproducts  attributable  to  the  lease 
as  determined  by  the  Supervisor.  In  de- 
termining the  reasonable  value  of  the 
energy  and  the  byproducts  the  Super- 
visor shall  consider: 

(1)  The  highest  price  paid  for  a ma- 
jority of  the  production  of  like  quality 
in  the  same  field  or  area; 

(2)  The  total  consideration  accruing 
to  the  lessee  from  any  disposition  of  the 
geothermal  production; 

(3)  The  value  of  the  geothermal  pro- 
duction used  by  the  lessee; 

(4)  The  value  and  cost  of  alternate 
available  energy  sources  and  byprod- 
ucts; 

(5)  The  cost  of  exploration  and  pro- 
duction, exclusive  of  taxes; 

(6)  The  economic  value  of  the  re- 
source in  terms  of  its  ultimate  utiliza- 
tion; 

(7)  Production  agreements  between 
producer  and  purchaser;  and 

(8)  Any  other  matters  which  he  may 
consider  relevant. 

(b)  Under  no  circumstances  shall  the 
value  of  any  geothermal  production  for 
the  purposes  of  computing  royalties  be 
less  than: 

(1)  The  total  consideration  accruing 
to  the  lessee  from  the  sale  thereof  in 
cases  where  geothermal  resources  are 
sold  by  the  lessee  to  another  party ; 

(2)  That  amount  which  is  the  value 
of  the  end  product  attributable  to  the 
geothermal  resource  produced  from  a 
particular  lease  where  geothermal  re- 
sources are  not  sold  by  the  lessee  before 
being  utilized,  but  are  Instead  directly 
used  in  manufacturing,  power  produc- 
tion, or  other  Industrial  activity;  or 

(3)  When  a part  of  the  resource  only 
is  utilized  by  the  lessee  and  the  remain- 
der sold,  the  sum  of  the  value  of  the  end 
product  attributable  to  the  geothermal 
resource  and  the  sales  price  recel ved  ior 
the  geothermal  resources 

§ 270.63  Computation  of  royalties. 

(a)  The  value  of  geothermal  produc- 
tion from  a particular  lease  as  deter- 
mined pursuant  to  I 270.82  hereof,  ah*n 
be  apportioned  between  geothermal 


steam,  heat,  and  other  lorms  of  energy 
and  the  byproducts. 

(b)  The  royalties  payable  shall  be  the 
sum  of  (1)  the  amount  resulting  from 
the  multiplication  of  the  value  attrib- 
utable to  the  geothermal  steam,  heat,  and 
other  forms  of  energy  by  the  royalty  rate 
set  for  such  forms  of  geothermal  energy 
in  the  lease  and  (2)  the  amount  resulting 
from  the  multiplication  of  the  value  at- 
tributable to  byproducts  by  the  royalty 
rate  for  byproducts  set  in  the  lease. 

§ 270.64  Commingling  production. 

The  supervisor  may  authorize  a lessee 
to  commingle  production  from  wells  on 
his  lease  with  production  from  other 
leases  held  by  him  or  by  other  lessees  sub- 
jects to  such  conditions  as  he  may 
prescribe. 

Reports  To  Be  Made  by  All  Lessees 
(Including  Operators) 

§ 270.70  General  requirements. 

Information  required  to  be  submitted 
in  accordance  with  the  regulations  in 
this  part  shall  be  furnished  as  directed 
by  the  Supervisor.  Copies  of  forms  can 
be  obtained  from  the  Supervisor  and 
must  be  filed  with  that  official  within  the 
time  limit  prescribed. 

§ 270.71  Application  for  permit  to  drill, 
red  rill,  deepen,  or  plug-bark. 

(a)  A permit  to  drill,  redrill,  deepen, 
or  plug-back  a well  on  Federal  lands  must 
be  obtained  from  the  Supervisor  before 
the  work  is  begun.  The  application  for 
the  permit,  which  shall  be  filed  in  tripli- 
cate with  the  Supervisor,  shall  state  the 
location  of  the  well  in  feet,  and  direction 
from  the  nearest  section  or  tract  lines  as 
shown  on  the  official  plat  of  survey  or 
protracted  surveys;  the  altitude  of  the 
ground  and  derrick  floor  above  sea  level 
and  how  it  was  determined,  and  should 
be  accompanied  by  a proposed  plan 
of  operations  as  required  by  these 
regulations. 

(b)  The  proposed  drilling  and  casing 
plan  shall  be  outlined  in  detail  under  the 
heading  “Details  of  Work”  in  the  appli- 
cations referred  to  herein,  and  shall  de- 
scribe the  type  of  tools  and  equipment 
to  be  used,  the  proposed  depth  to  which 
the  well  will  be  drilled,  the  estimated 
depths  to  the  top  of  important  markers, 
the  estimated  depths  at  which  water, 
geothermal  resources,  or  other  mineral 
resources  are  expected,  the  proposed 
casing  program  (including  the  size  and 
weight  of  casing),  the  depth  at  which 
each  string  is  to  be  set,  and  the  amount 
of  cement  and  mud  to  be  used,  the  drill- 
ing method  and  type  of  circulating  media 
(water,  mud,  foam,  air  or  combinations 
thereof) , the  type  of  blowout  prevention 
equipment  to  be  used,  the  proposed 
coring,  logging,  or  other  program  (such 
as  drilling  time  log  and  sample  descrip- 
tion) to  be  used  to  determine  the  forma- 
tions penetrated  and  the  proposed 
program  for  determining  geothermal 
gradients  and  the  sampling  and  analysis 
of  geothermal  resources. 

(c)  Each  application  shall  be  accom- 
panied by  a plat  showing  the  surface 
and  expected  bottomhole  locations  and 
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the  distances  from  the  nearest  section  or 
tract  lines  as  shown  on  the  official  plat 
of  survey  or  protracted  surveys.  The  scale 
shall  not  be  less  than  2,000  feet  to  1 
inch. 

(d)  Each  application  should  be  ac- 
companied by  supporting  structural  and 
hydrologic  information  based  on  avail- 
able geologic  and  geophysical  data. 

§ 270.72  Sundry  notices  and  reports  on 
wells. 

(a)  Any  written  notice  of  intention  to 
do  work  or  to  change  plans  previously 
approved  must  be  filed  with  the  Super- 
visor in  triplicate,  unless  otherwise  di- 
rected, and  must  be  approved  by  him 
before  the  work  is  begun.  If,  in  case  of 
emergency,  any  notice  is  given  orally  or 
by  wire,  and  approval  is  obtained,  the 
transaction  shall  be  confirmed  in  writ- 
ing. A subsequent  report  of  the  work 
performed  must  also  be  filed  with  the 
Supervisor. 

Ob)  Casing  test:  Notice  shall  be  given 
in  advance  to  the  Supervisor  or  his  rep- 
resentative of  the  date  and  time  when 
the  operator  expects  to  make  a casing 
test.  Later,  by  agreement,  the  exact  time 
shall  be  fixed.  In  the  event  of  casing  fail- 
ure during  the  test,  the  casing  must  be 
repaired  or  replaced  or  recemented  as 
required  by  the  Supervisor  or  his  repre- 
sentative. The  results  of  the  test  must  be 
reported  within  30  days  after  making  a 
casing  test.  The  report  must  describe  the 
test  completely  and  state  the  amount  of 
mud  and  cement  used,  the  lapse  of  time 
between  running  and  cementing  the 
casing  and  making  the  test,  and  the 
method  of  testing. 

(c)  Repairs  or  conditioning  of  well : Be- 
fore the  repairing  or  conditioning  of  a 
well,  a notice  setting  forth  in  detail  the 
plan  of  work  must  be  filed  with,  and 
approved  by,  the  Supervisor.  A detailed 
report  of  the  work  accomplished  and  the 
methods  employed,  Including  all  dates, 
and  the  results  of  such  work  must  be 
filed  within  30  days  after  completion  of 
the  repair  work. 

(d)  Well  stimulation:  Before  the  lessee 
commences  stimulation  of  a well  by  any 
means,  a notice,  setting  forth  in  detail 
the  plan  of  work,  must  be  filed  with  and 
approved  by  the  Supervisor.  The  notice 
shall  name  the  type  of  stimulant  and  the 
amount  to  be  used.  A report  showing  the 
amount  of  stimulant  used  and  the  pro- 
duction rate  before  and  after  stimulation 
must  be  filed  within  30  days  from  com- 
pletion of  the  work. 

(e)  Altering  casing  in  a well : Notice  of 
intention  to  run  a liner  or  to  alter  the 
casing  by  pulling  or  perforating  by  any 
means  must  be  filed  with  and  approved 
by  the  Supervisor  before  the  work  is 
started.  This  notice  shall  set  forth  in  de- 
tail the  plan  of  work.  A report  must  be 
filed  within  30  days  after  completion  of 
the  work  stating  exactly  what  was  done 
and  the  results  obtained. 

(f)  Notice  of  intention  to  abandon 
well:  Before  abandonment  work  is  begun 
on  any  well,  whether  a drilling  well,  geo- 
thermal resources  well,  water  well,  or  so- 
called  dry  hole,  notice  of  intention  to 
abandon  shall  be  filed  with,  and  approved 


by,  the  Supervisor.  The  notice  must  be 
accompanied  by  a complete  log,  in  dupli- 
cate, of  the  well  to  date,  provided  the 
complete  log  has  not  been  filed  previously, 
and  must  give  a detailed  statement  of  the 
proposed  work,  Including  such  informa- 
tion as  kind,  location,  and  length  of 
plugs  (by  depths),  plans  for  mudding, 
cementing,  shooting,  testing,  and  remov- 
ing casing,  and  any  other  pertinent 
information. 

(g)  Subsequent  report  of  abandon- 
ment: After  a well  is  abandoned  or 
plugged,  a subsequent  record  of  work 
done  must  be  filed  with  the  Supervisor. 
This  report  shall  be  filed  separately 
within  30  days  after  the  work  is  done. 
The  report  shall  give  a detailed  account 
of  the  manner  in  which  the  abandonment 
or  plugging  work  was  carried  out,  in- 
cluding the  nature  and  quantities  of  ma- 
terials used  in  plugging  and  the  loca- 
tion and  extent  (by  depths)  of  the  plugs 
of  different  materials;  records  of  any 
tests  or  measurements  made,  and  of  the 
amount,  size,  and  location  (by  depths)  of 
casing  left  in  the  well;  and  a detailed 
statement  of  the  volume  of  mud  fluid 
used,  and  the  pressure  attained  in  mud- 
ding.  If  an  attempt  was  made  to  part  any 
casing,  a complete  report  of  the  methods 
used  and  results  obtained  must  be 
included. 

§ 270.73  Log  and  history  of  well. 

The  lessee  shall  furnish  in  duplicate 
to  the  Supervisor,  not  later  than  30  days 
after  the  completion  of  each  well,  a com- 
plete and  accurate  log  and  history,  in 
chronological  order,  of  all  operations 
conducted  on  the  well.  A log  shall  be  com- 
piled for  geologic  information  from  cores 
or  formations  samples  and  duplicate 
copies  of  such  log  shall  be  filed.  Dupli- 
cate copies  of  all  electric  logs,  tempera- 
ture surveys,  water  and  steam  analyses, 
hydrologic  or  heat  flow  tests,  or  direction 
surveys,  if  run,  shall  be  furnished. 

§ 270.74  Monthly  report  of  operations. 

A report  of  operations  for  each  lease 
must  be  made  for  each  calendar  month, 
beginning  with  the  month  in  which  drill- 
ing operations  are  initiated.  The  report 
must  be  filed  in  duplicate  with  the  Super- 
visor on  or  before  the  last  day  of  the 
month  following  the  month  for  which 
the  report  is  filed  unless  an  extension  of 
time  for  the  filing  of  the  report  is  granted 
by  the  Supervisor.  The  report  shall  dis- 
close accurately  all  operations  conducted 
on  each  well  during  the  month,  the 
status  of  operations  on  the  last  day  of 
the  month,  and  a general  summary  of 
the  status  of  operations  on  the  leased 
lands.  The  report  must  be  submitted  each 
month  until  the  lease  is  terminated  or 
until  omission  of  the  report  is  authorized 
by  the  Supervisor,  The  report  shall  show 
for  each  calendar  month: 

fa)  The  lease  serial  number  or  the 
unit  or  co  mm  unitization  agreement  num- 
ber which  shall  be  inserted  in  the  upper 
right  comer; 

(b)  Each  well  listed  separately  by 
number,  and  its  location  by  40-acre  sub- 
division (quarter-quarter  section  or  lot) , 


section  number,  township,  range,  and 
meridian; 

(c)  The  number  of  days  each  well  was 
produced,  whether  steam  or  hot  water  or 
both  were  produced,  and  the  number  of 
days  each  input  well  was  in  operation, 
if  any; 

(d)  The  quantity  of  production  and 
any  byproducts  obtained  from  each  well, 
if  any  are  recovered; 

(e)  The  depth  of  each  active  or  sus- 
pended well,  and  the  name,  character, 
and  depth  of  each  formation  drilled  dur- 
ing the  month,  the  date  and  reason  for 
every  shutdown,  the  names  and  depths 
of  important  formation  changes,  the 
amount  and  size  of  any  casing  run  since 
the  last  report,  the  dates  and  results  of 
any  tests  or  environmental  monitoring 
conducted,  and  any  other  noteworthy 
information  on  operations  not  specifi- 
cally provided  for  in  the  form. 

(f)  The  footnote  must  be  completely 
filled  out  as  required  by  the  Supervisor. 
If  no  sales  were  made  during  the 
calendar  month,  the  report  must  so  state. 

§ 270.75  Monthly  report  of  sales  and 
royalty. 

A report  of  sales  and  royalty  for  each 
productive  lease  must  be  filed  each 
month  once  sales  of  production  are  made 
even  though  sales  may  be  intermittent, 
unless  otherwise  authorized  by  the 
Supervisor.  Total  volumes  of  geothermal 
resources  produced  and  sold,  the  value 
of  production,  and  the  royalty  due  the 
lessor  must  be  shown.  If  byproducts  are 
being  recovered,  the  same  requirement 
shall  be  applicable.  This  report  is  due  on 
or  before  the  last  day  of  the  month  fol- 
lowing the  month  in  which  production 
was  obtained  and  sold  or  utilized, 
together  with  the  royalties  due  the 
United  States.  Payment  or  royalty  is  to 
be  made  pursuant  to  ! 270.50  unless 
otherwise  authorized  by  the  Supervisor. 

§ 270.76  Annual  report  of  compliance 
with  environmental  protection  re- 
quirements. 

The  lessee  shall  submit  annually  a re- 
port giving  a full  account  of  the  actions 
taken  to  comply  with  the  appropriate 
Federal  and  State  regulations  or  require- 
ments of  the  Supervisor  pertaining  to  the 
protection  of  the  surface  and  subsurface 
environment.  This  report  shall  Include 
but  is  not  limited  to  such  matters  as : 

(a)  Noise  abatement; 

(b)  Water  quality; 

(c)  Air  quality; 

(d)  Erosion  control ; 

(e)  Subsidence  and  seismic  activity; 

(f)  Rehabilitation  activities; 

(g)  Waste  disposal;  and 

(h)  Environmental  effects  on  flora 
and  fauna. 

§ 270.77  Annual  report  of  expenditures 
for  diligent  exploration  operations. 

A report  of  expenditures  for  explora- 
tion operations  conducted  during  a lease 
year  must  be  submitted  annually  to  the 
Supervisor  in  order  that  such  expendi- 
tures may  be  considered  for  qualification 
as  diligent  exploration  pursuant  to  43 
CFR  3203.5. 
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§ 270.78  Form*  or  reports. 

When  forms  or  reports  other  than 
those  referred  to  in  the  regulations  In 
this  part  may  be  necessary,  instructions 
for  the  filing  of  such  forms  or  reports 
will  be  given  by  the  Supervisor. 

§ 270.79  Public  inspection  of  records. 

Geologic  and  geophysical  interpreta- 
tions, maps,  and  data  required  to  be  sub- 
mitted under  this  part  shall  not  be 
available  for  public  inspection  without 
the  consent  of  the  lessee  so  long  as  the 
lease  remains  in  effect. 

Procedure  in  Case  of  Violation  of 
the  Regulations  or  Lease  Terms 

§ 270.80  Noncompliance  with  regula- 
tions or  lease  terms. 

Whenever  a lessee  or  anyone  acting 
under  his  authority  fails  to  comply  with 
the  provisions  of  the  regulations  or  lease 
terms,  the  Supervisor  shall  give  the  lessee 
notice  to  remedy  any  defaults  or  viola- 
tions. The  Supervisor  is  authorized  to 
shut  down  any  operations  which  he  de- 
termines are  unsafe  or  are  causing  or  can 
cause  pollution.  Failure  by  the  lessee  to 
perform  or  commence  the  necessary  re- 
medial action  pursuant  to  the  notice  will 
result  in  a shut  down  of  operations  and 
may  result  in  referral  of  the  matter  to 
the  authorized  officer  of  the  Bureau  of 
Land  Management  for  action  pursuant 
to  43  CFR  3245.3. 

Appeals 

§ 270.90  Appeals. 

(a)  Any  party  to  a case  adversely  af- 
fected by  a final  order  or  decision  of  an 
officer  of  the  Conservation  Division  of 
the  Geological  Survey  shall  have  a right 
to  appeal  to  the  Director,  unless  the 
order  or  decision  was  approved  by  the 
Secretary  or  the  Director  prior  to 
promulgation. 

(b)  An  appeal  to  the  Director  may  be 
taken  by  filing  a notice  of  appeal  in  the 
office  of  the  official  who  issued  the  order 
or  decision  within  30  days  from  service 
of  the  order  or  decision.  The  notice  of 
appeal  shall  Incorporate,  or  be  accom- 
panied by,  such  written  showing  and 
argument  on  the  facts  and  the  law  as 
the  appellant  may  deem  adequate  to  jus- 
tify reversal  or  modification  of  the  order 
or  decision.  Within  the  same  30-day  pe- 
riod, the  appellant  will  be  permitted  to 
file  in  the  office  of  the  officer  who  issued 
the  order  or  decision  additional  state- 
ments of  reasons  and  written  arguments 
or  briefs.  The  officer  with  whom  the  ap- 
peal is  filed  shall  transmit  the  appeal 
and  accompanying  papers  to  the  Director 
with  a full  report  and  his  recommen- 
dation on  the  appeal.  The  Director 
will  review  the  record  and  render  a de- 
cision in  the  case. 

(c)  Oral  argument  in  any  case  pend- 
ing before  the  Director  will  be  allowed 
on  motion  in  the  discretion  of  such  officer 
and  at  a time  to  be  fixed  by  him. 

(d)  With  the  exception  of  the  time 
fixed  for  filing  a notice  of  appeal,  the 
time  for  filing  any  document  in  connec- 
tion with  an  appeal  may  be  extended  by 
the  Director.  A request  for  an  extension 


of  time  must  be  filed  within  the  time  al- 
lowed for  filing  of  the  document  and 
must  be  filed  in  the  same  office  in  which 
the  document  in  connection  with  which 
the  extension  is  requested  must  be  filed. 

(e)  Any  party  to  a case  adversely  af- 
fected by  a decision  of  the  Director  under 
this  part  shall  have  a right  of  appeal  to 
the  Board  of  Land  Appeals  in  the  Office 
of  Hearings  and  Appeals,  Office  of  the 
Secretary,  in  accordance  with  the  pro- 
cedures provided  in  43  CFR  Part  4, 
Department  Hearings  and  Appeals 
Procedures. 


PART  271— GEOTHERMAL  RE- 
SOURCES UNIT  PLAN  REGULATIONS 
(INCLUDING  SUGGESTED  FORMS) 

General  Provisions 

Sec. 

271.1  Introduction. 

271.2  Definitions. 

271.3  Designation  of  area. 

271.4  Preliminary  consideration  of  agree- 

ments. 

271.5  State  land. 

271.6  Qualifications  of  unit  operator. 

271.7  Parties  to  unit  or  cooperative  agree- 

ments. 

271.8  Approval  of  an  executed  unit  or  co- 

operative agreement. 

271.9  Piling  of  papers  and  number  of  coun- 

terparts. 

271.10  Bonds. 

271.11  Appeals. 

27L.12  Form  of  unit  agreement  for  unproved 
areas. 

271.13  Sample  form  of  Exhibit  A of  unit 

agreement. 

271.14  Sample  form  of  Exhibit  B of  unit 

agreement. 

271.15  Form  of  collective  bond. 

271.16  Form  of  designation  of  successor  unit 

operator  by  working  Interest 
owners. 

271.17  Form  of  change  In  unit  operator  by 

assignment. 

Authority  : The  provisions  of  this  Part  271 
Issued  under  section  18  of  the  Geothermal 
Steam  Act  of  1970  (84  Stat.  1566)  (see  43 
CFR  Subpart  3244). 

§ 271.1  Introduction. 

The  regulations  in  this  part  prescribe 
the  procedure  to  be  followed  and  the  re- 
quirements to  be  met  by  holders  of  Fed- 
eral geothermal  leases  (see  $ 271.2d)  and 
their  representatives  who  wish  to  unite 
with  each  other,  or  Jointly  or  separately 
with  others,  in  collectively  adopting  and 
•operating  under  a cooperative  or  uriit 
plan  for  the  development  of  any  geo- 
thermal resources  pool,  field,  or  like  area, 
or  any  part  thereof.  Such  agreements 
may  be  initiated  by  lessees,  or  where  in 
the  interest  of  conserving  natural  re- 
sources they  are  deemed  necessary  they 
may  be  required  by  the  Director. 

§ 271.2  Definitions. 

The  following  terms,  as  used  in  this 
part  or  in  any  agreement  approved  under 
the  regulations  in  this  part,  shall  have 
the  meanings  here  indicated  unless  other- 
wise defined  in  such  agreement: 

(a)  Unit  agreement.  An  agreement 
or  plan  of  development  and  operation 
for  the  production  and  utilization  of 
separately  owned  interests  in  the  geo- 
thermal resources  made  subject  thereto 
as  a single  consolidated  unit  without  re- 


gard to  separate  ownerships  and  which 
provides  for  the  allocation  of  costs  and 
benefits  cm  a basis  defined  in  the  agree- 
ment or  plan. 

(b)  Cooperative  agreement.  An  agree- 
ment or  plan  of  development  and  opera- 
tions for  the  production  and  utilization 
of  geothermal  resources  made  subject 
thereto  in  which  separate  ownership 
units  are  independently  operated  with- 
out allocation  of  production. 

(c)  Agreement.  For  convenience,  the 
term  "agreement”  as  used  in  the  regula- 
tions in  this  part  refers  to  either  a unit 
or  a cooperative  agreement  as  defined  in 
paragraphs  (a)  and  (b)  of  this  section 
unless  otherwise  indicated. 

(d  Geothermal  lease.  A lease  issued 
under  the  act  of  December  24,  1970  (84 
Stat.  1566) , pursuant  to  the  leasing  regu- 
lations contained  in  43  CFR  Part  3200, 
and,  unless  the  context  Indicates  other- 
wise, "lease”  means  a geothermal  lease. 

(e)  Unit  area.  The  area  described  in  a 
unit  agreement  as  constituting  the  land 
logically  subject  to  development  under 
such  agreement. 

(f)  Unitized  land.  The  part  of  a unit 
area  committed  to  a unit  agreement. 

(g)  Unitized  substances.  Deposits  of 
geothermal  resources  recovered  from 
unitized  land  by  operation  under  and 
pursuant  to  a unit  agreement. 

(h)  Unit  operator.- The  person^  asso- 
ciation, partnership,  corporation,  or 
other  business  entity  designated  under  a 
unit  agreement  to  conduct  operations  on 
unitized  land  as  specified  in  such  agree- 
ment. 

(i)  Participating  area.  That  part  of 
the  Unit  Area  which  is  deemed  to  be  pro- 
ductive from  a horizon  or  deposit  and  to 
which  production  would  be  allocated  in 
the  manner  described  in  the  unit  agree- 
ment assuming  that  all  lands  are  com- 
mitted to  the  unit  agreement. 

(j)  Working  interest.  The  interest 
held  in  geothermal  resources  or  in  lands 
containing  the  same  by  virtue  of  a lease, 
operating  agreement,  fee  title,  or  other- 
wise, under  which,  except  as  otherwise 
provided  in  a unit  or  cooperative  agree- 
ment, the  owner  of  such  interest  is  vested 
with  the  right  to  explore  for,  develop, 
produce,  and  utilize  such  resources.  The 
right  delegated  to  the  unit  operator  as 
such  by  the  unit  agreement  is  not  to  be 
regarded  as  a working  interest. 

(k)  Secretary.  The  Secretary  of  the 
Interior  or  any  person  duly  authorized  to 
exercise  powers  vested  in  that  officer. 

(l)  Director.  The  Director  of  the  U S. 
Geological  Survey. 

(m)  Supervisor.  A representative  of 
the  Secretary,  subject  to  the  direction 
and  supervisory  authority  of  the  Direc- 
tor, the  Chief,  Conservation  Division, 
Geological  Survey,  and  the  appropriate 
Regional  Conservation  Manager,  Conser- 
vation Division,  Geological  Survey,  au- 
thorized and  empowered  to  regulate  op- 
erations and  to  perform  other  duties  pre- 
scribed in  the  regulations  in  this  part  or 
any  subordinate  of  such  representative 
acting  under  his  direction. 

§ 271.3  Designation  of  area. 

An  application  for  designation  of  an 
area  as  logically  subject  to  development 
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and/or  operation  under  a unit  or  cooper- 
ative agreement  may  be  filed,  in  tripli- 
cate, by  any  proponent  of  such  an  agree- 
ment through  the  Supervisor.  Each  copy 
of  the  application  shall  be  accompanied 
by  a map  or  diagram  on  a scale  of  not  less 
than  1 inch  to  1 mile,  outlining  the  area 
sought  to  be  designated  under  this  sec- 
tion,. The  Federal,  State,  and  privately 
owned  land  should  be  indicated  on  said 
map  by  distinctive  symbols  or  colors  and 
Federal  geothermal  leases  and  lease  ap- 
plications should  be  identified  by  serial 
number.  Geological  information,  includ- 
ing the  results  of  geophysical  surveys, 
and  such  other  information  as  may  tend 
to  show  that  unitization  is  necessary  and 
advisable  in  the  public  interest  should  be 
furnished  in  triplicate.  Geological  and 
geophysical  information'  and  data  so 
furnished  will  not  be  available  for  public 
inspection,  as  provided  by  5 U.8.C.  section 
552(b),  without  the  consent  of  the  pro- 
ponent. The  application  and  supporting 
data  will  be  considered  by  the  Director 
and  the  applicant  will  be  informed  of  the 
decision  reached.  The  designation  of  an 
area,  pursuant  to  an  application  filed  un- 
der this  section,  shall  not  create  an  ex- 
clusive right  to  submit  an  executed 
agreement  for  such  area,  nor  preclude 
the  inclusion  of  such  area  or  any  part 
thereof  in  another  unit  area. 

§ 271.4  Preliminary  consideration  of 
agreements. 

The  form  of  unit  agreement  set  forth 
in  S 271.12  is  acceptable  for  use  in  un- 
proved areas.  The  use  of  this  form  is  not 
mandatory,  but  any  proposed  departure 
therefrom  should  be  submitted  with  the 
application  submitted  under  § 271.3  for 
preliminary  consideration  and  for  such 
revision  as  may  be  deemed  necessary.  In 
areas  proposed  for  unitization  in  which 
a discovery  of  geothermal  resources  has 
been  made,  or  where  a cooperative  agree- 
ment is  contemplated,  the  proposed 
agreement  should  be  submitted  with  the 
application  submitted  under  ; 271.3  for 
preliminary  consideration  and  for  such 
revision  as  may  be  deemed  necessary.  The 
proposed  form  of  agreement  should  be 
submitted  in  triplicate  and  should  be 
plainly  marked  to  identify  the  proposed 
variances  from  the  form  of  agreement 
set  forth  in  $ 271.12. 

§ 271.5  State  land. 

Where  State-owned  land  is  to  be  in- 
cluded in  the  unit,  approval  of  the  agree- 
ment by  appropriate  State  officials  should 
be  obtained  prior  to  its  submission  to  the 
Department  for  approval  of  the  executed 
agreement.  When  authorized  by  the  laws 
of  the  State  in  which  the  unitized  land 
1s  situated,  provisions  may  be  made  in 
the  agreement  accepting  State  law,  to 
the  extent  that  they  are  applicable  to 
non-Federal  unitized  land. 

§ 271.6  Qualifications  of  unit  operator. 

A unit  operator  must  qualify  as  to  cit- 
izenship in  the  same  manner  as  those 
holding  interests  in  geothermal  leasee  is- 
sued under  the  Geothermal  Steam  Act 


of  1970.  The  unit  operator  may  be  an 
owner  of  a working  interest  in  the  unit 
area  or  such  other  party  as  may  be  se- 
lected by  the  owners  of  working  interests 
and  approved  by  the  Supervisor.  The 
unit  operator  shall  execute  an  acceptance 
of  the  duties  and  obligations  Imposed  by 
the  agreement.  No  designation  of,  or 
change  in,  a unit  operator  will  become 
effective  unless  and  until  approved  by  the 
Supervisor,  and  no  such  approval  will  be 
granted  unless  the  unit  operator  is 
deemed  qualified  to  fulfill  the  duties  and 
obligations  prescribed  in  the  agreement. 

g 271.7  Parties  to  unit  or  cooperative 
agreement. 

The  owners  of  any  rights,  title,  or  in- 
terest in  the  geothermal  resources  de- 
posits to  be  developed  and  operated 
under  an  agreement  can  be  regarded  as 
proper  parties  to  a proposed  agreement. 
All  such  owners  must  be  invited  to  Join 
as  parties  to  the  agreement.  If  any  owner 
fails  or  refuses  to  Join  the  agreement,  the 
proponent  of  the  agreement  should  de- 
clare this  to  the  Supervisor  and  should 
submit  evidence  of  efforts  made  to  ob- 
tain Joinder  of  such  owner  and  the  rea- 
sons for  nonjoinder. 

g 271.8  Approval  of  an  executed  unit  or 
cooperative  agreement. 

(a)  A duly  executed  unit  or  coopera- 
tive agreement  will  be  approved  by  the 
Secretary,  or  his  duly  authorized  repre- 
sentative, upon  a determination  that 
such  agreement  is  necessary  or  advisable 
in  the  public  interest  and  is  for  the  pur- 
pose of  properly  conserving  the  natural 
resources.  Taking  into  account  the  en- 
vironmental consequences  of  the  action. 
Such  approval  will  be  incorporated  in  a 
certificate  appended  to  the  agreement. 
No  such  agreement  will  be  approved  un- 
less at  least  one  of  the  parties  is  a holder 
of  a Federal  lease  embracing  lands  being 
committed  to  the  agreement  and  unless 
the  parties  signatory  to  the  agreement 
hold  sufficient  Interests  in  the  area  to 
give  effective  control  of  operations 
therein. 

(b)  Where  a duly  executed  agreement 
is  submitted  for  Departmental  approval, 
a minimum  of  six  signed  counterparts 
should  be  filed.  The  same  number  of 
counterparts  should  be  filed  for  docu- 
ments supplementing,  modifying,  or 
amending  an  agreement,  Including 
change  of  operator,  designation  of  new 
operator,  and  notice  of  surrender,  relin- 
quishment, or  termination. 

(c)  The  address  of  each  signatory 
party  to  the  agreement  should  be  in- 
serted below  the  party’s  signature.  Each 
signature  should  be  attested  by  at  least 
one  witness,  if  not  fiotarized.  Corporate 
or  other  signatures  made  in  a represent- 
ative capacity  must  be  accompanied  by 
evidence  of  the  authority  of  the  signa- 
tories to  act  unless  such  evidence  is  al- 
ready a matter  of  record  in  the  United 
States  Geological  Survey.  (The  parties 
may  execute  any  number  of  counterparts 
of  the  agreement  with  the  same  force 
and  effect  as  if  all  parties  signed  the 


same  document,  or  may  execute  a rati- 
fication or  consent  in  a separate  instru- 
ment with  like  force  and  effect.). 

(d)  Any  modification  of  an  approved 
agreement  will  require  approval  of  the 
Secretary  or  his  duly  authorized  repre- 
sentative under  procedures  similar  to 
those  cited  in  paragraph  (a)  of  this 
section. 

§ 271.9  Filing  of  papers  and  number  of 
counterparts. 

(a)  All  proposals  and  supporting  pa- 
pers, instruments,  and  documents  sub- 
mitted under  this  part  should  be  filed 
with  the  Supervisor,  unless  otherwise 
provided  in  this  part  or  otherwise  In- 
structed by  the  Director. 

(b)  Plans  of  development  and  opera- 
tion, plans  of  further  development  and 
operation,  and  proposed  participating 
areas  and  revisions  thereof  should  be 
submitted  in  quadruplicate. 

(c)  Each  application  for  approval  of  a 
participating  area,  or  revision  thereof, 
should  be  accompanied  by  three  copies 
of  a substantiating  geologic  and  engi- 
neering report,  structure  contour  map  or 
maps,  cross-section  or  other  pertinent 
data. 

(d)  Other  instruments  or  documents 
submitted  for  approval  should  be  sub- 
mitted for  approval  in  sufficient  number 
to  permit  the  approving  official  to  re- 
turn at  least  one  approved  counterpart. 

§ 271.10  Bonds. 

In  lieu  of  separate  bonds  required  for 
each  Federal  lease  committed  to  a unit 
agreement,  the  unit  operator  may  fur- 
nish and  maintain  a collective  corporate 
surety  bond  or  a personal  bond  condi- 
tioned upon  faithful  performance  of  the 
duties  and  obligations  of  the  agreement 
and  the  terms  qf  the  leases  subject  there- 
to. Personal  bonds  shall  be  accompanied 
by  a deposit  of  negotiable  Federal  secu- 
rities in  a surU  equal  at  their  par  value 
to  the  amount  of  the  bond  and  by  a 
proper  conveyance  to  the  Secretary  of 
full  authority  to  sell  such  securities  in 
case  of  default  in  the  performance  of  the 
obligations  assumed.  The  liability  under 
the  bond  shall  be  for  such  amount  as  the 
Supervisor  shall  determine  to  be  ade- 
quate to  protject  the  interests  of  the 
United  States.  Additional  bond  coverage 
may  be  required  whenever  deemed  neces- 
sary by  the  Supervisor.  The  bond  must 
be  filed  with  afid  accepted  by  the  Bureau 
of  Land  Manajgement  before  operations 
will  be  approved.  A ftjrm  of  corporate 
surety  bond  fcj  set  forth  in  S 271.15.  In 
case  of  changes  of  unit  operator,  a new 
bond  must  be  filed  or  a consent  of  surety 
to  the  change  In  principal  under  the 
existing  bond  must  be  furnished. 

§ 271.11  Appeals. 

Appeals  may  be  taken  in  the  manner 
provided  in  S 270.90  of  this  chapter  from 
any  decision  or  order  issued  under  the 
regulations  in  this  part,  unless  such  deci- 
sion or  order  was  approved  by  the  Secre- 
tary prior  to  promulgation. 
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§ 271.12  Form  of  unit  agreement  for 
unproved  area*. 

Unit  Agreement  for  the  Development  and 

Operation  or  the Unit  Area 

COUNTY  or - 

State  or 

TABLE  OF  CONTENTS 

Article 

I  Enabling  act  and  regulations. 

II  Definitions. 

III  Unit  area  and  exhibits. 

IV  Contraction  and  expansion  of  unit 

area. 

V  Unitized  land  and  unitized  sub* 
stances. 

VI  Unit  operator. 

VII  Resignation  or  removal  of  unit 
operator. 

TUI  Successor  unit  operator. 

IX  Accounting  provisions  and  unit  op* 
erating  agreement. 

X  Rights  and  obligations  of  unit 
operator. 

XI  Plan  of  operation. 

XII  Participating  areas. 

XHI  Allocation  of  unitized  substances, 
xrv  Relinquishment  of  leases. 

XV  Rentals  and  minimum  royalties. 
XVI  Operations  on  nonparticipating 
land. 

XVII  Leases  and  contracts  conformed 
and  extended. 

XVIXt  Effective  date  and  term. 

XIX  Appearances. 

XX  No  waiver  of  certain  rights. 

XXI  Unavoidable  delay. 

Postponement  of  obligations. 
Nondiscrimination. 

Counterparts. 

XXV  Subsequent  Joinder. 

XXVI  Convenants  run  with  the  land. 
XXVII  Notices. 

XXVni  Loss  of  title. 

XXIX  Taxes. 

XXX  Relation  of  parties. 

XXXI  Special  federal  lease  stipulation 
and/or  conditions. 

........ ..... Unit  Agreement 

County  

This  Agreement  entered  into  as  of  the 

v.  day  of  IS..,  by  and 

between  the  parties  subscribing,  ratifying, 
or  consenting  hereto,  and  herein  referred  to 
M the  "parties  hsrsto”. 

WITNESSETH:  Whereas  the  parties  here- 
to are  the  ownere  of  working,  royalty,  or 
other  geothermal  resour oes  Interests  in  land 
subject  to  this  Agreement;  and 
Whereas  the  Geothermal  steam  Act  of 
1670  ( 64  But.  1666),  hereinafter  referred  to 
ae  the  "Aet",  authorizes  Federal  lessees  and 
their  representatives  to  unite  with  each 
other,  or  Jointly  or  separately  with  others,  In 
oollectively  adopting  and  operating  under  a 
cooperative  or  unit  plan  of  development  or 
operation  of  any  geothermal  resources  pool, 
field,  or  like  area,  or  any  part  thereof,  for 
the  purpose  of  more  properly  conserving  the 
natural  reeouroee  thereof,  whenever  deter- 
mined and  certified  by  the  SecreUry  of  the 
Interior  to  be  neoessery  or  advisable  In  the 
publlo  Interest;  and 

Whereas  the  parties  hereto  hold  sufficient 
interest  In  the Unit  Area  cover- 

ing the  land  herein  described  to  effectively 
oontrol  operations  therein;  and 
Whereas,  It  Is  the  purpose  of  the  parties 
hereto  to  conserve  natural  reeources,  prevent 
waste,  and  secure  other  benefits  obtainable 
through  development  and  operations  of  the 
area  subject  to  this  Agreement  under  the 
terms,  conditions,  and  limitations  herein  eet 
forth; 

Now,  therefore,  in-  consideration  of  the 
premises  and  the  promises  herein  contained, 


the  parties  hereto  commit  to  this  agreement 
their  respective  Interest*  in  the  below- 
defined  Unit  Area,  and  agree  severally  among 
themselves  as  follows; 

ARTICLE  I — ENABLING  ACT  AND  REGULATIONS 

1.1  The  Aot  and  all  valid  pertinent  regula- 
tions, Including  operating  and  unit  plan 
regulations,  heretofore  or  hereafter  lsiued 
thereunder  are  accepted  and  made  a part  of 
thle  agreement  as  to  Federal  lands. 

1.3  As  to  non-Federal  lands,  the  geo- 
thermal reeources  operating  regulations  In 
•ffeot  as  of  the  effective  date  hereof  govern- 
ing drilling  and  producing  operations,  not 
Inconsistent  with  the  laws  of  the  State  In 
which  the  non-Federal  land  Is  located,  are 
hereby  accepted  and  made  a part  of  this 
agreement. 

ARTICLE  □ — DEFINITIONS 

3.1  The  following  terms  shall  have  the 
meanings  here  Indicated: 

(a)  Geothermal  lease.  A lease  issued  under 
the  aot  of  December  34,  1070  (84  Stat.  1666), 
pursuant  to  the  leasing  regulations  con- 
tained In  43  CFR  Group  3300  and,  unless  the 
context  Indicates  otherwise,  "lease"  shall 
mean  a geothermal  lease. 

(b)  Unit  area.  The  area  described  in  Arti- 
cle III  of  this  Agreement. 

(o)  Unit  Operator.  The  person,  associa- 
tion, partnership,  corporation,  or  other  busi- 
ness entity  designated  under  this  Agreement 
to  conduot  operations  on  Unitized  Land  as 
specified  herein. 

(d)  Participating  area.  That  part  of  the 
Unit  Area  which  is  deemed  to  be  productive 
from  a horizon  or  deposit  and  to  which  pro- 
duction would  be  allocated  In  the  manner 
described  In  the  unit  agreement  assuming 
that  all  lands  are  committed  to  the  unit 
agreement. 

(e)  Working  interest.  The  interest  held  In 
geothermal  resources  or  In  lands  containing 
the  same  by  virtue  of  a lease,  operating 
agreement,  fee  title,  or  otherwise,  under 
which,  except  as  otherwise  provided  In  this 
Agreement,  the  owner  of  such  Interest  Is 
vested  with  the  right  to  explore  for,  develop, 
produce  and  utilize  such  reeouroee.  The  right 
delegated  to  the  Unit  Operator  as  such  by 
this  Agreement  Is  not  to  be  regarded  a*  a 
Working  Interest. 

(f)  Secretary.  The  Secretary  of  the  Interior 
or  any  person  duly  authorized  to  exercise 
powers  vested  In  that  officer. 

(g)  Director.  The  Director  of  the  U.S.  Geo- 
logical Survey. 

(h)  Supervisor  A representative  of  the 
Secretary,  subject  to  the  direction  and  super- 
visory authority  of  the  Director,  tee  Chief, 
Conservation  Division,  Geological  Survey,  and 
the  appropriate  Regional  Conservation  Mana- 
ger, Conservation  Division,  Geological  Survey, 
authorized  and  empowered  to  regulate  opera- 
tions and  to  perform  other  duties  prescribed 
In  tee  regulations  In  this  part  or  any  subordi- 
nate of  such  representative  acting  under  his 
direction, 

ARTICLE  m— UNIT  AREA  AND  EXHIBITS 

3.1  The  area  specified  on  tee  map  attached 
hereto  marked  "Exhibit  A"  Is  hereby  desig- 
nated and  recognized  as  constituting  the 

Unit  Area,  containing  ... .....  acres, 

more  or  lese. 

The  above-described  Unit  Area  shall  when 
practicable  be  expanded  to  include  therein 
any  additional  lands  or  shall  be  contracted 
to  exclude  lands  whenever  such  expansion  or 
contraction  Is  deemed  to  be  necessary  or 
advisable  to  conform  with  the  purposes  of 
this  Agreement. 

3.3  Exhibit  A attached  hereto  and  made 
a part  hereof  is  a map  showing  the  boundary 
of  the  Unit  Area,  the  boundaries  and  lden- 
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tlty  of  tracts  and  leases  In  said  area  to  the 
extent  known  to  the  Unit  Operator. 

3.3  Exhibit  B attached  hereto  and  made 
a part  hereof  Is  a schedule  showing  to  the 
extent  known  to  the  Unit  Operator  the 
aoreage,  percentage,  and  kind  of  ownership 
of  geothermal  reeouroee  Interest*  in  all  lands 
In  the  Unit  Area. 

3.4  Exhibits  A and  B shall  be  revised  by 
the  Unit  Operator  whenever  ohangee  In  the 
Unit  Area  render  suoh  revision  necessary,  or 
when  requested  by  the  Supervisor,  and  not 
less  than  five  ooples  of  the  revised  Exhlblte 
shall  be  filed  with  the  Supervisor. 

ARTICLE  IV— CONTRACTION  AND  EXPANSION  OF 
UNIT  AREA 

4.1  Unless  otherwise  specified  herein,  the 
expansion  and/or  contraction  of  the  Unit 
Area  contemplated  In  Article  3.1  hereof  shall 
be  effected  In  the  following  manner: 

(a)  Unit  Operator  either  on  demand  of  the 
Director  or  on  Its  own  motion  and  after  prior 
concurrence  by  the  Director,  shall  prepare  a 
notice  of  proposed  expansion  or  contraction 
describing  the  contemplated  changes  in  the 
boundaries  of  the  Unit  Area,  the  reasons 
therefore,  and  the  proposed  effective  date 
thereof,  preferably  the  first  day  of  a month 
subsequent  to  the  date  of  notice. 

(b)  Said  notice  shall  be  delivered  to  the 
Supervisor,  and  copies  thereof  mailed  to  the 
last  known  address  of  each  Working  Interest 
Owner,  Lessee,  and  Lessor  whose  Interests  are 
affected,  advising  that  30  days  will  be  al- 
lowed for  submission  to  the  Unit  Operator 
of  any  objections. 

(o)  Upon  expiration  of  the  30-day  period 
provided  in  the  preceding  Item  (b)  hereof, 
Unit  Operator  shall  file  with  the  Supervisor 
evidence  of  mailing  of  the  notice  of  expan- 
sion or  contraction  and  a copy  of  any  objec- 
tions thereto  which  have  been  filed  with  the 
Unit  Operator,  together  with  an  application 
In  sufficient  number,  for  approval  of  such 
expansion  or  contraction  and  with  appropri- 
ate Joinders. 

(d)  After  due  consideration  of  all  pertinent 
Information,  the  expansion  or-  contraction 
shall,  upon  approval  by  the  Supervisor,  be- 
come effective  as  of  the  date  prescribed  In 
the  notice  thereof. 

4.3  Unitized  Leases,  Insofar  as  they  cover 
any  lands  which  are  exoluded  from  the  Unit 
Area  under  any  of  the  provisions  of  this  Ar- 
tide  IV  may  be  maintained  and  continued  In 
foro*  and  effect  in  aooordanoe  with  the 
terms,  provisions,  and  conditions  contained 
In  the  Aot,  and  the  lease  or  leases  and  amend- 
ments thereto,  except  that  operations  and/or 
production  under  this  Unit  Agreement  shall 
not  serve  to  maintain  or  oontlnue  the  ex- 
oluded portion  of  any  lease, 

.4.8  All  legal  subdivisions  of  unltlsed  lands 
(t.e„  40  acres  by  Governmental  survey  or  Its 
nearest  lot  or  treot  equivalent  In  Instances  of 
Irregular  eurveys),  no  part  of  which  Is  en- 
titled  to  be  within  a Participating  Area  on 
tee  fifth  anniversary  of  the  effective  date  of 
the  initial  Participating  Area  established 
under  thU  Agreement,  ehell  b»  eliminated 
automatically  from  thle  Agreement  effective 
ae  of  said  fifth  anniversary  and  suoh  lands 
shall  no  longer  be  a part  of  the  Unit  Area  and 
shall  no  longer  be  subject  to  this  Agreement 
unless  diligent  drilling  operations  are  in 
progress  on  an  exploratory  well  on  said  fifth 
anniversary,  in  which  event  such  lands  shall 
not  be  eliminated  from  the  Unit  Area  for  as 
long  as  exploratory  drilling  operations  are 
continued  diligently  with  not  more  than  four 
(4)  months  time  elapsing  between  the  com- 
pletion of  one  exploratory  well  and  the  com- 
mencement of  the  next  exploratory  well. 

4.4  An  exploratory  well,  for  the  purposes  of 
this  Article  IV  Is  defined  as  any  well,  regard- 
less of  surface  location,  projected  for  com- 
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pletion  In  a zone  or  deposit  below  any  zone 
or  deposit  for  which  a Participating  Area  has 
been  established  and  ts  In  effect,  or  any  well, 
regardless  of  surface  location,  projected  for 
completion  at  a subsurface  location  under 
Unitized  Lands  not  entitled  to  be  within  a 
Participating  Area. 

4.5  In  the  event  an  exploratory  well  Is 
completed  during  the  four  (4)  months  im- 
mediately preceding  the  fifth  anniversary  of 
the  Initial  Participating  Area  established 
under  this  Agreement,  lands  not  entitled  to 
be  within  a Participating  Area  shall  not  be 
eliminated  from  this  Agreement  on  said 
fifth  anniversary,  provided  the  drilling  of 
another  exploratory  well  is  commenced  under 
an  approved  Plan  of  Operation  within  four 
(4)  months  after  the  completion  of  said  well. 
In  such  event,  the  land  not  entitled  to  be  In 
participation  shall  not  be  eliminated  from 
the  Unit  Area  so  long  as  exploratory  drilling 
operations  are  continued  diligently  with  not 
more  than  four  (4)  months  time  elapsing 
between  the  completion  of  one  exploratory 
well  and  the  commencement  of  the  next 
exploratory  well. 

4.6  With  prior  approval  of  the  Supervisor, 
a period  of  time  In  excess  of  four  (4)  .months 
may  be  allowed  to  elapse  between  the  com- 
pletion of  one  well  and  the  commencement 
of  the  next  well  without  the  automatic  elimi- 
nation of  nonparticipating  acreage. 

4.7  Unitized  lands  proved  productive  by 
drilling  operations  which  serve  to  delay  auto- 
matic elimination  of  lands  under  this  Article 
IV  shall  be  incorporated  Into  a Participating 
Area  (or  Areas)  In  the  same  manner  as  such 
lands  would  have  been  Incorporated  In  such 
areas  had  such  lands  been  proven  productive 
during  the  year  preceding  said  fifth 
anniversary. 

4.8  In  the  event  nonparticipating  lands 
are  retained  under  this  Agreement  after  the 
fifth  anniversary  of  the  Initial  Participating 
Area  as  a result  of  exploratory  drilling  opera- 
tions, all  legal  subdivisions  of  unitized  land 
(l.e.,  40  acres  by  Government  survey  or  Its 
nearest  lot  or  tract  equivalent  In  Instances 
of  Irregular  Surveys) , no  part  of  which  Is 
entitled  to  be  within  a Participating  Area 
shall  be  eliminated  automatically  as  of  the 
121  day,  or  such  later  date  as  may  be  estab- 
lished by  the  Supervisor,  following  the  com- 
pletion of  the  last  well  recognized  as  delaying 
such  automatic  elimination  beyond  the  fifth 
anniversary  of  the  Initial  Participating  Area 
established  under  this  Agreement. 

ARTICLE  V UNITIZED  LAND  AND  UNITIZED 

SUBSTANCES 

5.1  All  land  committed  to  this  Agreement 
shall  constitute  land  referred  to  herein  as 
"Unitized  Land”.  All  geothermal  resources 
In  and  produced  from  any  and  all  formations 
of  the  Unitized  Land  are  unitized  under  the 
terms  of  this  agreement  and  herein  are  called 
"Unitized  Substances.” 

ARTICLE  VI — UNIT  OPERATOR 

6.1  Is  hereby  designated  as 

Unit  Operator  and  by  signature  hereto  as 
Unit  Operator  agrees  and  consents  to  accept 
the  duties  and  obligations  of  Unit  Operator 
for  the  discovery,  development,  production, 
distribution  and  utilization  of  Unitized  Sub- 
stances as  herein  provided.  Whenever  refer- 
ence Is  made  herein  to  the  Unit  Operator, 
such  reference  means  the  Unit  Operator  act- 
ing In  that  capacity  and  not  as  an  owner  of 
Interest  In  Unitized  Substances,  and  the  term 
"Working  Interest  Owner”  when  used  herein 
shall  include  or  refer  to  Unit  Operator  as  the 
owner  of  a Working  Interest  when  such  an 
Interest  Is  owned  by  It. 

ARTICLE  vn RESIGNATION  OR  REMOVAL  OF  UNIT 

OPERATOR 

7.1  Prior  to  the  establishment  of  a Par- 
ticipating Area,  hereunder.  Unit  Operator 


shall  have  the  right  to  resign.  Such  resigna- 
tion shall  not  become  effective  so  as  to  re- 
lease Unit  Operator  from  the  duties  and 
obligations  of  Unit  Operator  or  terminate 
Unit  Operators  rights,  as  such,  for  a period 
of  six  (6)  months  after  notice  of  Its  Intention 
to  resign  has  been  served  by  Unit  Operator 
on  all  Working  Interest  Owners  and  the  Sup- 
ervisor, nor  until  all  wells  then  drilled  here- 
under are  placed  In  a satisfactory  condition 
for  suspension  or  abandonment  whichever 
Is  required  by  the  Supervisor,  unless  a new 
Unit  Operator  shall  have  been  selected  and 
approved  and  shall  have  taken  over  and 
assumed  the  duties  and  obligations  of  Unit 
Operator  prior  to  the  expiration  of  said 
period. 

7.2  After  the  establishment  of  a Participat- 
ing Area  hereunder  Unit  Operator  shall  have 
the  right  to  resign  in  the  manner  and  subject 
to  the  limitations  provided  In  7.1  above. 

7.3  The  Unit  Operator  may,  upon  default 
or  failure  In  the  performance  of  Its  duties  or 
obligations  hereunder,  be  subject  to  removal 
by  the  same  percentage  vote  of  the  owners 
of  Working  Interests  as  herein  provided  for 
the  selection  of  a new  Unit  Operator.  Such 
removal  shall  be  effective  upon  notice  thereof 
to  the  Supervisor. 

7.4  The  resignation  or  removal  of  Unit 
Operator  under  this  Agreement  shall  not  ter- 
minate Its  right,  title,  or  Interest  as  the 
owner  of  a Working  Interest  or  other  in- 
terest In  Unitized  Substances,  but  upon  the 
resignation  or  removal  of  Unit  Operator  be- 
coming effective,  such  Unit  Operator  shall 
deliver  possession  of  all  wells,  equipment, 
material,  and  appurtenances  used  In  con- 
ducting the  unit  operations  to  the  new  duly 
qualified  successor  Unit  Operator  or,  If  no 
such  new  unit  operator  Is  elected,  to  the 
common  agent  appointed  to  represent  the 
Working  Interest  Owners  In  any  action  taken 
hereunder  to  be  used  for  the  purpose  of  con- 
ducting operations  hereunder. 

7.5  In  all  Instances  of  resignation  or  re- 
moval, until  a successor  Unit  Operator  Is 
selected  and  approved  as  hereinafter  pro- 
vided, the  Working  Interest  Owners  shall  be 
jointly  responsible  for  performance  of  the 
duties  and  obligations  of  Unit  Operator,  and 
shall  not  later  than  30  days  before  such 
resignation  or  removal  becomes  effective  ap- 
point a common  agent  to  represent  them 
in  any  action  to  be  taken  hereunder. 

7.6  The  resignation  of  Unit  Operator  shall 
not  release  Unit  Operator  from  any  liability 
for  any  default  by  It  hereunder  occurring 
prior  to  the  effective  date  of  Its  resignation. 

ARTICLE  vffl — SUCCESSOR  UNIT  OPERATOR 

8.1  If,  prior  to  the  establishment  of  a Par- 
ticipating Area  hereunder,  the  Unit  Operator 
shall  resign  as  Operator,  or  shall  be  removed 
as  provided  In  Article  VH,  a successor  Unit 
Operator  may  be  selected  by  vote  of  the  own- 
ers of  a majority  of  the  Working  Interests 
In  Unitized  Substances,  based  on  their  re- 
spective shares,  on  an  acreage  basis,  In  the 
Unitized  Land. 

8.2  If,  after  the  establishment  of  a Par- 
ticipating Area  hereunder,  the  Unit  Operator 
shall  resign  as  Unit  Operator,  or  shall  be  re- 
moved as  provided  In  Article  VII,  a successor 
Unit  Operator  may  be  selected  by  vote  of  the 
owners  of  a majority  of  the  Working  Interests 
In  Unitized  Substances,  based  on  their  re- 
spective shares,  on  a participating  acreage 
basis.  Provided,  that,  If  a majority  but  less 
than  60  percent  of  the  Working  Interest-  In 
the  Participating  Lands  Is  owned  by  the 
party  to  this  agreement,  a concurring  vote  of 
one  or  more  additional  Working  Interest 
Owners  owning  10  percent  or  more  of  the 
Working  Interest  in  the  participating  land 
shall  be  required  to  select  a new  Unit  Op- 
erator. 

8.3  The  selection  of  a successor  Unit 
Operator  shall  not  become  effective  until 


(a)  The  Unit  Operator  bo  selected  shall 
accept  in  writing  the  duties,  obligations  and 
responsibilities  of  the  Unit  Operator,  and 

(b)  The  selection  Shan  have  been  approved 
by  the  Supervisor. 

8.4  If  no  successor  Unit  Operator  Is  selected 
and  qualified  as  herein  provided,  the  Director 
at  his  election  may  declare  this  Agreement 
terminated. 

ARTICLE  IX — ACCOUNTING  PROVISIONS  AND  UNIT 
OPERATING  AGREEMENT 

9.1  Costs  and  expenses  Incurred  by  Unit 
Operator  In  conducting  unit  operations 
hereunder  shall  be  paid  and  apportioned 
among  and  borne  by  the  owners  of  Working 
Interests;  all  In  accordance  with  the  agree- 
ment or  agreements  entered  Into  by  and 
between  the  Unit  Operator  and  the  owners 
of  Working  Interests,  whether  one  or  more, 
separately  or  collectively. 

9.2  Any  agreement  or  agreements  entered 
Into  between  the  Working  Interest  Owners 
and  the  Unit  Operator  as  provided  In  this 
Article,  whether  one  or  more,  are  herein  re- 
ferred to  as  the  "Unit  Operating  Agreement”. 

9.3  The  Unit  Operating  Agreement  shall 
provide  the  manner  In  which  the  Working 
Interest  Owners  shall  be  entitled  to  receive 
their  respective  share  of  the  benefits  accruing 
hereto  In  conformity  with  their  underlying 
operating  agreements,  leases,  or  other  con- 
tracts, and  such  other  rights  and  obligation! 
as  between  Unit  Operator  and  the  Working 
Interest  Owners. 

9.4  Neither  the  Unit  Operating  Agreement 
nor  any  amendment  thereto  shall  be  deemed 
either  to  modify  any  of  the  terms  and  con- 
ditions of  this  Agreement  or  to  relieve  the 
Unit  Operator  of  any  right  or  obligation 
established  under  this  Agreement. 

9.5  In  case  of  any  Inconsistency  or  conflict 
between  this  Agreement  and  the  Unit  Operat- 
ing Agreement,  this  Agreement  shall  govern. 

9.6  Three  true  copies  of  any  Unit  Operat- 
ing Agreement  executed  pursuant  to  this 
Article  IX  shall  be  filed  with  the  Supervisor 
prior  to  approval  of  this  Agreement. 

ARTICLE  X — RIGHTS  AND  OBLIGATIONS  OF  UNIT 
OPERATOR 

10.1  The  right,  privilege,  and  duty  of  ex- 
ercising any  and  all  rights  of  the  parties 
hereto  which  are  necessary  or  convenient  for 
prospecting,  producing,  distributing  or  uti- 
lizing Unitized  Substances  are  hereby  dele- 
gated to  and  shall  be  exercised  by  the  Unit 
Operator  as  provided  In  this  Agreement  In 
accordance  with  a Plan  of  Operations  ap- 
proved by  the  Supervisor. 

10.2  Upon  request  by  Unit  Operator,  ac- 
ceptable evidence  of  title  to  geothermal  re- 
sources Interests  In  the  Unitized  Land  shall 
be  .deposited  with  the  Unit  Operator,  and 
together  with  this  Agreement  shall  consti- 
tute and  define  the  rights,  privileges,  and 
obligations  of  Unit  Operator. 

10.3  Nothing  in  this  Agreement  shall  be 
construed  to  transfer  title  to  any  land  or 
to  any  lease  or  operating  agreement,  It  being 
understood  that  the  Unit  Operator,  In  Its 
capacity  as  Unit  Operator  shall  exercise  the 
rights  of  possession  and  use  vested  In  the 
parties  hereto  only  for  the  purposes  speci- 
fied In  this  Agreement. 

10.4  The  Unit  Operator  shall  take  such 
measures  as  the  Supervisor  deems  appro- 
priate and  adequate  to  prevent  drainage  of 
Unitized  Substances  from  Unitized  Land  by 
wells  on  land  not  subject  to  this  Agreement. 

10.5  The  Director  Is  hereby  vested  with  au- 
thority to  alter  cur  modify  from  time  to  time, 
in  his  discretion,  the  rate  of  prospecting  and 
development  and  the  quantity  and  rate  of 
production  under  this  Agreement. 


FEDERAL  REGISTER,  VOL.  38,  NO.  140 — MONDAY,  JULY  23,  1973 

III-lkk 


PROPOSED  RULES 


19775 


ABTICLE  XI — PLAN  OP  OPERATION  . 

11.1  Concurrently  with  the  submission  of 
this  Agreement  for  approval,  Unit  Operator 
shall  submit  an  acceptable  Initial  Plan  of 
Operation  Said  plan  shall  be  as  complete  and 
adequate  as  the  Supervisor  may  determine 
to  be  necessary  for  timely  exploration  and/ 
or  development  and  to  Insure  proper  pro- 
tection of  the  environment  and  conservation 
of  the  natural  resources  of  the  Unit  Area. 

11.2  Prior  to  the  expiration  of  the  Initial 
Plan  of  Operation,  or  any  subsequent  Plan 
of  Operation,  Unit  Operator  shall  submit  for 
approval  of  the  Supervisor  an  acceptable 
subsequent  Plan  of  Operation  for  the  Unit 
Area  which,  when  approved  by  the  Super- 
visor, shall  constitute  the  exploratory  and/ 
or  development  drilling  and  operating  obli- 
gations of  Unit  Operators  under  this  Agree- 
ment for  the  period  specified  therein. 

11.3  Any  plan  of  Operation  submitted 
hereunder  shall 

(a)  Specify  the  number  and  locations  of 
any  wells  to  be  drilled  and  the  proposed 
order  and  time  for  such  drilling,  and 

(b)  To  the  extent  practicable,  specify  the 
operating  practices  regarded  as  necessary  and 
advisable  for  proper  conservation  of  natural 
resources  and  protection  of  the  environment 
In  compliance  with  section  1.1. 

11.4  The  Plan  of  Operation  submitted 
concurrently  with  this  Agreement  for  ap- 
proval shall  prescribe  that  within  six  (6) 
months  alter  the  effective  date  hereof,  the 
Unit  Operator  shall  begin  to  drill  an  ade- 
quate test  well  at  a location  approved  by  the 
Supervisor,  unless  on  such  effective  date  a 
well  Is  being  drilled  conformably  with  the 
terms,  hereof,  and  thereafter  continue  such 

drilling  diligently  until  the 

formation  has  been  tested  or  until  at  a lesser 
depth  unitized  substances  shall  be  dis- 
covered which  can  be  produced  In  paying 
quantities  (l.e.,  quantities  sufficient  to 
repay,  the  costs  of  drilling,  completing,  and 
producing  operations,  with  a reasonable 
profit)  or  the  Unit  Operator  shall  at  any  time 
establish  to  the  satisfaction  of  the  Super- 
visor that  further  drilling  of  said  well  would 
be  unwarranted  or  Impracticable,  provided, 
however,  that  Unit  Operator  shall  not  in  any 
event  be  required  to  drill  said  well  to  a depth 
In  excess  of feet. 

11.6  The  Initial  Plan  of  Operation  and/or 
subsequent  Plans  of  Operation  submitted 
under  this  article  shall  provide  that  the  Unit 
Operator  shall  Initiate  a continuous  drilling 
program  providing  for  drilling  of  no  less  than 
one  well  at  a time,  and  allowing  no  more  than 
six  (6)  months  time  to  elapse  between  com- 
pletion of  one  well  and  the  beginning  of  the 
next  well,  until  a well  capable  of  producing 
Unitized  8ubstances  In  paying  quantities  Is 
completed  to  the  satisfaction  of  the  Super- 
visor or  until  it  is  reasonably  proved  that 
the  Unitized  Land  Is  Incapable  of  producing 
Unitized  Substances  In  paying  quantities  In 
the  formations  drilled  under  this  Agreement. 

11.6  When  warranted  by  unforeseen  cir- 
cumstances, the  Supervisor  may  grant  a sin- 
gle extension  of  any  or  all  of  the  critical  dates 
for  exploratory  drilling  operations  cited  In 
the  Initial  or  subsequent  Plans  of  Operation. 
No  such  extension  shall  exceed  a period  of 
four  (4)  months  for  each  well,  required  by 
the  Initial  Plan  of  Operation. 

11.7  Until  there  Is  actual  production  of 
Unitized  Substances,  the  failure  of  Unit 
Operator  to  timely  drill  any  of  the  wells  pro- 
vided for  In  Plans  of  Operation  required 
under  this  Article  XI  or  to  timely  submit  an 
acceptable  subsequent  Plan  of  Operations, 
shall,  after  notice  of  default  or  notice  of  pro- 
spective default  to  Unit  Operator  by  the 
Supervisor  and  after  failure  of  Unit  Operator 
to  remedy  any  actual  default  within  a rea- 
sonable time  (as  determined  by  the  Super- 


visor), result  In  automatic  termination  of 
this  Agreement  effective  as  of  the  date  of  the 
default,  as  determined  by  the  Supervisor. 

11.8  Separate  Plans  of  Operations  may  be 
submitted  for  separate  productive  zones, 
subject  to  the  approval  of  the  Supervisor. 
Also  subject  to  the  approval  of  the  Super- 
visor, Plans  of  Operation  shall  be  modified 
or  supplemented  when  necessary  to  meet 
changes  In  conditions  or  to  protect  the  In- 
terest of  all  parties  to  this  Agreement. 

ARTICLE  XII PARTICIPATING  AREAS 

12.1  Prior  to  the  commencement  of  produc- 
tion of  Unitized  Substances,  the  Unit  Oper- 
ator shall  submit  for  approval  by  the  Super- 
visor a schedule  (or  schedules)  of  all  land 
then  regarded  as  reasonably  proved  to  be 
productive  from  a pool  or  deposit  discovered 
or  developed;  all  lands  In  said  schedule  (or 
schedules) , on  approval  of  the  Supervisor, 
will  constitute  a Participating  Area  (or 
Areas)  effective  as  of  the  date  production 
commences  or  the  effective  date  of  this  Unit 
Agreement,  whichever  Is  later.  Said  schedule 
(or  schedules)  shall  also  set  forth  the  per- 
centage of  Unitized  Substances  to  be  allo- 
cated, as  herein  provided,  to  each  tract  In  the 
Participating  Area  (or  Areas)  so  established 
and  shall  govern  the  allocation  of  production 
commencing  with  the  effective  date  of  the 
Participating  Area. 

12.2  A separate  Participating  Area  shall  be 
established  for  each  separate  pool  or  deposit 
of  Unitized  Substances  or  for  any  group 
thereof  which  Is  produced  as  a single  pool  or 
deposit  and  any  two  or  more  Participating 
Areas  so  established  may  be  combined  into 
one,  on  approval  of  the  Supervisor.  The  effec- 
tive date  of  any  Participating  Area  estab- 
lished after  the  commencement  of  actual 
production  of  Unitized  Substances  shall  be 
the  first  of  the  month  In  which  Is  obtained 
the  knowledge  or  Information  on  which  the 
establishment  of  said  Participating  Area  Is 
based,  unless  a more  appropriate  effective 
date  Is  proposed  by  the  Unit  Operator  and 
approved  by  the  Supervisor. 

12.3  Any  Participating  Area  (or  Areas) 
established  under  12.1  or  12.2  above  shall, 
subject  to  the  approval  of  the  Supervisor,  be 
revised  from  time  to  time  to  Include  addi- 
tional land  then  regarded  as  reasonably 
proved  to  be  productive  from  the  pool  or  de- 
posit for  which  the  Participating  Area  was 
established  or  to  Include  lands  necessary  to 
unit  operations,  or  to  exclude  land  then  re- 
garded as  reasonably  proved  not  to  be  pro- 
ductive from  the  pool  or  deposit  for  which 
the  Participating  Area  was  established  or  to 
exclude  land  not  necessary  to  unit  operations 
and  the  schedule  (or  schedules)  of  allocation 
percentages  shall  be  revised  accordingly. 

12.4  Subject  to  the  limitation  cited  in  12.1 
hereof,  the  effective  date  of  any  revision  of  a 
Participating  Area  established  under  Articles 

12.1  or  12.2  shall  be  the  first  of  the  month  In 
which  Is  obtained  the  knowledge  or  Informa- 
tion on  which  such  revision  Is  predicated, 
provided,  however,  that  a more  appropriate 
effective  date  may  be  used  If  Justified  by  the 
Unit  Operator  and  approved  by  the  Super- 
visor. 

12.6  No  land  shall  be  excluded  from  a Par- 
ticipating Area  on  account  of  depletion  of 
the  Unitized  Substances,  except  that  any 
Participating  Area  established  under  the  pro- 
visions of  this  Article  XII  shall  terminate 
automatically  whenever  all  operations  are 
abandoned  In  the  pool  or  deposit  for  which 
the  Participating  Area  was  established. 

12.6  Nothing  herein  contained  shall  be 
construed  as  requiring  any  retroactive  ad- 
justment for  production  obtained  prior  to 
the  effective  date  of  the  revision  of  a Partici- 
pating Area. 


ARTICLE  xm ALLOCATION  Or  UNITIZED 

SUBSTANCES 

13.1  All  Unitized  Substances  produced 
from  a Participating  Area,  established  under 
this  Agreement,  shall  be  deemed  to  be  pro- 
duced equally  on  an  acreage  basis  from  the 
several  tracts  of  Unitized  Land  within  the 
Participating  Area  established  for  such 
production. 

13.2  For  the  purpose  of  determining  any 
benefits  accruing  under  this  Agreement,  each 
Tract  of  Unitized  Land  shall  have  allocated  to 
It  such  percentage  of  said  production  as  the 
number  of  acres  In  the  Tract  Included  in  the 
Participating  Area  bears  to  the  total  number 
of  acres  of  Unitized  Land  In  said  Participat- 
ing Area. 

13.3  Allocation  of  production  hereunder 
for  purposes  other  than  for  settlement  of  the 
royalty  obligations  of  the  respective  Work- 
ing Interest  Owners,  shall  be  on  the  basis 
prescribed  In  the  Unit  Operating  Agreement 
whether  In  conformity  with  the  basis  of 
allocation  set  forth  above  or  otherwise. 

13.4  The  Unitized  Substances  produced 
from  a Participating  Area  shall  be  allocated 
as  provided  herein  regardless  of  whether  any 
wells  are  drilled  on  any  particular  part  or 
tract  of  said  Participating  Area. 

ARTICLE  XIV RELINQUISHMENT  OF  LEASES 

14.1  Pursuant  to  the  provisions  of  the  Fed- 
eral leases  and  43  CFR  3246.1,  a lessee  of 
record  shall,  subject  to  the  provisions  of  the 
Unit  Operating  Agreement,  have  the  right 
to  relinquish  any  of  Its  Interests  In  leases 
committed  hereto.  In  whole  or  In  part;  pro- 
. vlded,  that  no  relinquishment  shall  be  made 

of  Interests  In  land  within  a Participating 
Area  without  the  prior  approval  of  the 
Director. 

14.2  A Working  Interest  Owner  may  exer- 
cise the  right  to  surrender,  when  such  right 
Is  vested  In  It  by  any  non-Federal  lease,  sub- 
lease, or  operating  agreement,  provided  that 
each  party  who  will  or  might  acquire  the 
Working  Interest  In  such  lease  by  such  sur- 
render or  by  forfeiture  Is  bound  by  the  terms 
of  this  Agreement,  and  further  provided  that 
no  relinquishment  shall  be  made  of  such 
land  within  a Participating  Area  without  the 
prior  written  consent  of  the  non-Federal 
Lessor. 

14.3  If  as  the  result  of  relinquishment, 
surrender,  or  forfeiture  the  Working  Inter- 
ests become  vested  In  the  fee  owner  or  lessor 
of  the  Unitized  Substances,  such  owner  may: 

(1)  Accept  those  Working  Interest  rlgh£q 
and  obligations  subject  to  this  Agreement 
and  the  Unit  Operating  Agreement;  or 

(2)  Lease  the  portion  of  such  land  as  Is 
Included  In  a Participating  Area  established 
hereunder,  subject  to  this  Agreement  and  the 
Unit  Operating  Agreement;  and  provide  for 
the  Independent  operation  of  any  part  of 
such  land  that  Is  not  then  Included  within  a 
Participating  Area  established  hereunder. 

14.4  If  the  fee  owner  or  lessor  of  the 
Unitized  Substances  does  not,  (1)  accept  the 
Working  Interest  rights  and  obligations  sub- 
ject to  this  Agreement  and  the  Unit  Operat- 
ing Agreement,  or  (2)  lease  such  lands  as 
provided  In  14.3  above  within  six  (6)  months 
after  the  relinquished,  surrendered,  or  for- 
feited Working  Interest  becomes  vested  In 
said  fee  owner  or  lessor,  the  Working  In- 
terest benefits  and  obligations  accruing  to 
such  land  under  this  Agreement  and  the 
Unit  Operating  Agreement  shall  be  shared  by 
the  owners  of  the  remaining  unitized  Work- 
ing Interests  In  accordance  with  their  respec- 
tive Working  Interest  ownerships,  and  such 
owners  of  Working  Interests  shall  compen- 
sate the  fee  owner  or  lessor  of  Unitized  Sub- 
stances In  such  lands  by  paying  sums  equal 
to  the  rentals,  minimum  royalties,  and  royal- 
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ties  applicable  to  such  lands  under  the  lease 
oc  lei.aes  In  effect -when  the  Working  Inter- 
ests were  relinquished,  surrendered,  or  for- 
feited . 

14.5  Subject  to  the  provisions  of  14.4 
above,  an  appropriate  accounting  and  settle- 
ment shall  be  made  for  all  benefits  accruing 
to  or  payments  and  expenditures  made  or  In- 
curred on  behalf  of  any  surrendered  or  for- 
feited Working  Interest  subsequent  to  the 
date  of  surrender  or  forfeiture,  and  payment 
of  any  moneys  found  to  be  owing  by  such  an 
accounting  shall  be  made  as  between  the 
parties  within  thirty  (30)  days. 

14.6  In  the  event  no  Unit  Operating  Agree- 
ment Is  In  existence  and  a mutually  accept- 
able agreement  cannot  be  consummated  be- 
tween the  proper  parties,  the  Supervisor  may 
prescribe  such  reasonable  and  equitable  con- 
ditions of  agreement  as  he  deems  warranted 
under  the  circumstances. 

14.7  The  exercise  of  any  right  vested  In  a 
Working  Interest  Owner  to  reassign  such 
Working  Interest  to  the  party  from  whom 
obtained  shall  be  subject  to  the  same  condi- 
tions as  set  forth  In  this  Article  XIV  In  re- 
gard to  the  exercise  of  a right  to  surrender. 

ARTICLE  XV — RENTALS  AND  MINIMUM  ROYALTIES 

15.1  Any  unitized  lease  on  non-Federal 
land  containing  provisions  which  would 
terminate  such  lease  unless  drilling  oper- 
ations are  commenced  upon  the  land  cov- 
ered thereby  within  the  time  therein  speci- 
fied or  rentals  are  paid  for  the  privilege  of 
deferring  such  drilling  operations,  the  rent- 
als required  thereby  shall,  notwithstanding 
any  other  provisions  of  this  Agreement,  be 
deemed  to  accrue  as  to  the  portion  of  the 
lease  not  Included  within  a Participating 
Area  and  become  payable  during  the  term 
thereof  as  extended  by  this  Agreement,  and 
until  the  required  drillings  are  commenced 
upon  the  land  covered  thereby. 

15.2  Rentals  are  payable  on  Federal  leases 
on  or  before  the  anniversary  date  of  each 
lease  year;  minimum  royalties  accrue  from 
the  anniversary  date  of  each  lease  year  and 
are  payable  at  the  end  of  the  lease  year. 

16.3  Beginning  with  the  lease  year  com- 
mencing on  or  after and  for  each 

lease  year  thereafter,  rental  or  minimum 
royalty  for  lands  of  the  United  States  subject 
to  this  Agreement  shall  be  made  on  the 
following  basis: 

(a)  An  advance  annual  rental  In  the 
amount  prescribed  In  unitized  Federal  leases, 
in  no  event  creditable  against  production 
royalties,  shall  be  paid  for  each  acre  or  frac- 
tion thereof  which  Is  not  within  a Partici- 
pating Area. 

(b)  A minimum  royalty  shall  be  charged 
at  the  beginning  of  each  lease  year  (such 
minimum  royalty  to  be  due  as  of  the  last 
day  of  the  lease  year  and  payable  within 
thirty  (30)  days  thereafter)  of  $2  an  acre  or 
fraction  thereof,  for  all  Unitized  Acreage 
within  a Participating  Area  as  of  the  begin- 
ning of  the  lease  year.  If  there  Is  production 
during  the  lease  year  the  deficit.  If  any, 
between  the  actual  royalty  paid  and  the 
minimum  royalty  prescribed  herein  shall  be 
paid. 

15.4  Rental  or  minimum  royalties  due  on 
leases  committed  hereto  shall  be  paid  by 
Working  Interest  Owners  responsible  there- 
for under  existing  contracts,  laws,  and  regu- 
lations, or  by  the  Unit  Operator. 

15.6  Settlement  for  royalty  Interest  shall 
be  made  by  Working  Interest  Owners  re- 
sponsible therefor  under  existing  contracts, 
laws,  and  regulations,  or  by  the  Unit  Oper- 
ator, on  or  before  the  last  day  of  each  month 
for  Unitized  Substances  produced  during  the 
preceding  calendar  month. 

15.6  Royalty  due  the  United  States  shall 
be  computed  as  provided  In  the  operating 
regulations  and  paid  In  value  as  to  all  Unit- 
ized Substances  cm  the  basis  of  the  amounts 


thereof  allocated  to  unitized  Federal  land 
as  provided  herein  at  the  royalty  rate  or  rates 
specified  In  the  respective  Federal  leases. 

15.7  Nothing  herein  contained  shall  op- 
erate to  relieve  the  lessees  of  any  land  from 
their  respective  lease  obligations  for  the 
payment  of  any  rental,  minimum  royalty,  or 
royalty  due  under  their  leases. 

ARTICLE  XVI— OPERATIONS  ON 
NONPARTICIPATING  LAND 

16.1  Any  party  hereto  owning  or  control- 
ling the  Working  Interest  In  any  Unitized 
Land  having  thereon  a regular  well  location 
may,  with  the  approval  of  the  Supervisor  and 
at  such  party's  sole  risk,  costs,  and  expense, 
drill  a well  to  test  any  formation  of  deposit 
for  which  a Participating  Area  has  not  been 
established  or  to  test  any  formation  or  de- 
posit for  which  a Participating  Area  has  been 
established  If  such  location  Is  not  within 
said  Participating  Area,  unless  within  30 
days  of  receipt  of  notice  from  said  party  of 
his  Intention  to  drill  the  well,  the  Unit 
Operator  elects  and  commences  to  drill  such 
a well  In  like  manner  as  other  wells  are 
drilled  by  the  Unit  Operator  under  this 
Agreement. 

16.2  If  any  well  drilled  by  a Working  In- 
terest Owner  other  than  the  Unit  Operator 
proves  that  the  land  upon  which  said  well 
Is  situated  may  properly  be  Included  In  a 
Participating  Area,  such  Participating  Area 
shall  be  established  or  enlarged  as  provided 
In  this  Agreement  and  the  well  shall  there- 
after be  operated  by  the  Unit  Operator  In 
accordance  with  the  terms  of  this  Agreement 
and  the  Unit  Operating  Agreement. 

ARTICLE  XVII — LEASES  AND  CONTRACTS 
CONFORMED  AND  EXTENDED 

17.1  The  terms,  conditions,  and  provisions 
of  all  leases,  subleases,  and  other  contracts 
relating  to  exploration,  drilling,  develop- 
ment, or  utilization  of  geothermal  resources 
on  lands  committed  to  this  Agreement,  are 
hereby  expressly  modified  and  amended  only 
to  the  extent  necessary  to  make  the  same 
conform  to  the  provisions  hereof,  otherwise 
said  leasee,  subleases,  and  contracts  shall 
remain  In  full  force  and  effect. 

17.2  The  parties  hereto  oonsent  that  the 
Secretary  shall,  by  his  approval  hereof,  mod- 
ify and  amend  the  Federal  leases  committed 
hereto  and  the  regulations  In  respect  thereto 
to  the  extent  necessary  to  conform  said 
leases  and  regulations  to  the  provisions  of 
this  Agreement. 

17.3  The  development  and/or  operation  of 
lands  subject  to  this  Agreement  under -the 
terms  hereof  shall  be  deemed  full  perform- 
ance of  any  obligations  for  development  and 
operation  with  respect  to  each  and  every 
separately  owned  tract  subject  to  this  Agree- 
ment, regardless  of  whether  -there  Is  any 
development  of  any  particular  tract  of  the 
Unit  Area. 

17.4  Drilling  and/or  producing  operations 
performed  hereunder  upon  any  tract  of  Uni- 
tized Lands  will  be  accepted  and  deemed  to 
be  performed  upon  and  for  the  benefit  of 
each  and  every  tract  of  Unitized  Land. 

17.5  Suspension  of  operations  and/or  pro- 
duction on  all  Unitized  Lands  pursuant  to 
direction  or  consent  of  the  Secretary  or  his 
duly  authorized  representative  shall  be 
deemed  to  constitute  such  suspension  pur- 
suant to  such  direction  or  consent  as  to 
each  and  every  tract  of  Unitized  Land.  A 
suspension  of  operations  and/or  production 
limited  to  specified  lands  shall  be  applicable 
only  to  such  lands. 

17.6  Subject  to  the  provisions  of  Article  XV 
hereof  and  17.10  of  this  Article,  each  lease, 
sublease,  or  contract  relating  to  the  explora- 
tion, drilling,  development,  or  utilization  of 
geothermal  resources  of  lands  other  than 
those  of  the  United  States  committed  to  this 
Agreement,  Is  hereby  extended  beyond  any 


such  term  so  provided  therein  so  that  It 
shall  be  continued  for  and  during  the  term 
of  this  Agreement. 

17.7  Subject  to  the  lease  renewal  and  the 
readjustment  provision  of  the  Act,  any  Fed- 
eral lease  committed  hereto  may,  as  to  the 
Unitized  Lands,  be  continued  for  the  term 
so  provided  therein,  or  as  extended  by  law. 
This  subsection  shall  not  operate  to  extend 
any  lease  or  portion  thereof  as  to  lands  ex- 
cluded from  the  Unit  Area  by  the  contrac- 
tion thereof. 

17.8  Each  sublease  or  contract  relating  to 
the  operations  and  development  of  Unitized 
Substances  from  lands  of  the  United  States 
committed  to  this  Agreement  shall  be  con- 
tinued In  force  and  effect  for  and  during 
the  term  of  the  underlying  lease. 

17.9  Any  Federal  lease  heretofore  or  here- 
after committed  to  any  such  unit  plan  em- 
bracing lands  that  are  In  part  within  and  In 
part  outside  of  the  area  covered  by  any  such 
plan  shall  be  segregated  Into  separate  leases 
as  to  the  lands  committed  and  the  lands  not 
committed  as  of  the  effective  date  of 
unitization. 

17.10  In  the  absence  of  any  specific  lease 
provision  to  the  contrary,  any  lease,  other 
than  a Federal  lease,  having  only  a portion 
of  Its  land  committed  hereto  shall  be  segre- 
gated as  to  the  portion  committed  and  the 
portion  not  committed,  and  the  provisions 
of  such  lease  shall  apply  separately  to  such 
segregated  portions  commencing  as  of  the 
effective  date  hereof.  In  the  event  any  such 
lease  provides  for  a lump-sum  rental  pay- 
ment, such  payment  shall  be  prorated  be- 
tween the  portions  so  segregated  In  propor- 
tion to  the  acreage  erf  the  respective  tracts. 

17.11  Upon  termination  of  this  Agree- 
ment, the  leases  covered  hereby  may  be 
maintained  and  continued  In  force  and  effect 
In  accordance  with  the  terms,  provisions, 
and  conditions  of  the  Act,  the  lease  or  leases, 
and  amendments  thereto. 

ARTICLE  xvm — EFFECTIVE  DATE  AND  TERM 

18.1  This  Agreement  shall  become  effective 
upon  approval  by  the  Secretary  or  his  duly 
authorized  representative  and  shall  termi- 
nate five  (5)  years  from  said  effective  date 
unless, 

(a)  Such  date  of  expiration  Is  extended 
by  the  Director,  or 

(b)  Unitized  Substances  are  produced  or 
utilized  In  commercial  quantities  In  which 
event  this  Agreement  shall  continue  for  so 
long  as  Unitized  Substances  are  produced  or 
utilized  In  commercial  quantities,  or 

(c)  This  Agreement  Is  terminated  prior  to 
the  end  of  said  five  (5)  year  period  as  here- 
tofore provided. 

18.2  This  Agreement  may  be  terminated  at 
any  time  by  the  owners  of  a majority  of  the 
Working  Interests,  on  an  acreage  basis,  with 
the  approval  of  the  Supervisor.  Notloe  of  any 
such  approval  shall  be  given  by  the  Unit 
Operator  to  all  parties  hereto. 

ARTICLE  XIX APPEARANCES 

19.1  Unit  Operator  shall,  after  notice  to 
other  parties  affected,  have  the  right  to  ap- 
pear for  and  on  behalf  of  any  and  all  Interests 
affected  hereby  before  the  Department  of  the 
Interior,  and  to  appeal  from  decisions,  orders 
or  rulings  Issued  under  the  regulations  of 
said  Department,  or  to  apply  for.  relief  from 
any  of  said  regulations  or  In  any  proceedings 
relative  to  operations  before  the  Department 
of  the  Interior  or  any  other  legally  consti- 
tuted authority:  Provided,  however.  That 
any  Interested  parties  shall  also  have  the 
right,  at  Its  own  expenses,  to  be  heard  In  any 
such  proceeding. 

ARTICLE  XX — NO  WAIVER  OF  CERTAIN  RIGHTS 

20.1  Nothing  contained  In  this  Agreement 
shall  be  construed  as  a waiver  by  any  party 
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hereto  of  the  right  to  assert  any  legal  or  con- 
stitutional right  or  defense  pertaining  to  the 
validity  or  invalidity  of  any  law  of  the  State 
wherein  lands  subject  to  this  Agreement  are 
located,  or  of  the  United  States,  or  regula- 
tions Issued  thereunder,  In  any  way  affecting 
such  party  or  as  a waiver  by  any  such  party 
of  any  right  beyond  his  or  Its  authority  to 
waive. 

ARTICLE  XXI — UNAVOIDABLE  DELAY 

21.1  The  obligations  Imposed  by  this  Agree- 
ment requiring  Unit  Operator  to  commence 
or  continue  drilling  or  to  produce  or  utilize 
Unitized  Substances  from  any  of  the  land 
covered  by  this  Agreement,  shall  be  sus- 
pended while,  but  only  so  long  as,  Unit 
Operator,  despite  the  exercise  of  due  care 
and  diligence,  Is  prevented  from  complying 
with  such  obligations,  In  whole  or  in  part, 
by  strikes,  Acts  of  God,  Federal  or  other  ap- 
plicable law,  Federal  or  other  authorized 
governmental  agencies,  unavoidable  acci- 
dents, uncontrollable  delays  In  transporta- 
tion, Inability  to  obtain  necessary  materials 
In  open  market,  or  other  matters  beyond  the 
reasonable  control  of  Unit  Operator,  whether 
similar  to  matters  herein  enumerated  or  not. 

21.2  No  unit  obligation  which  Is  suspended 
under  this  section  shall  become  due  less  than 
thirty  (30)  days  after  It  has  been  determined 
that  the  suspension  Is  no  longer  applicable. 

21.3  Determination  of  creditable  "Unavoid- 
able Delay"  time  shall  be  made  by  the  Unit 
Operator  subject  to  approval  of  the  Super- 
visor. 

ARTICLE  XXII POSTPONEMENT  OP 

OBLIGATIONS 

22.1  Notwithstanding  any  other  provisions 
of  this  Agreement,  the  Director,  on  his  own 
Initiative  or  upon  appropriate  Justification 
by  Unit  Operator,  may  postpone  any  obliga- 
tion established  by  and  under  this  Agree- 
ment to  commence  or  continue  drilling  or  to 
operate  on  or  produce  Unitized  Substances 
from  lands  covered  by  this  Agreement  when 
In  his  Judgement,  circumstances  warrant 
such  action. 

ARTICLE  XXin — NONDISCRIMINATION 

23.1  In  connection  with  the  performance 
of  work  under  this  Agreement,  the  Operator 
agrees  to  comply  with  all  of  the  provisions 
of  section  202  (1)  to  (7)  Inclusive,  of  Execu- 
tive Order  11246  (30  F-B.  12319),  as  amended 
by  Executive  Order  11376  (32  FJt.  14303), 
which  are  hereby  Incorporated  by  reference 
In  this  Agreement. 

ARTICLE  XXIV COUNTERPARTS 

24.1  This  Agreement  may  be  executed  In 
any  number  of  counterparts  no  one  of  which 
needs  to  be  executed  by  all  parties,  or  may 
be  ratified  or  consented  to  by  separate  In- 
struments In  writing  specifically  referring 
hereto,  and  shall  be  binding  upon  all 
parties  who  have  executed  such  a counter- 
part, ratification  or  consent  hereto,  with  the 
same  force  and  effect  as  If  all  such  parties 
had  signed  the  same  document.  • 

ARTICLE  XXV SUBSEQUENT  JOINDER 

25.1  If  the  owner  of  any  substantial  In- 
terest In  geothermal  resources  under  a tract 
within  the  Unit  Area  fajlls  or  refuses  to  sub- 
scribe or  consent  to  this  Agreement,  the 
owner  of  the  Working  interest  In  that  tract 
may  withdraw  said  tcact  from  this  Agreement 
by  written  notice  delivered  to  the  Supervisor 
and  the  Unit  Operator  prior  to  the  approval 
of  this  Agreement  by  the  Supervisor. 


26.2  Any  geothermal  resources  Interests 
In  lands  within  the  Unit  Area  not  committed 
hereto  prior  to  approval  of  thli  Agreement 
may  thereafter  be  committed  by  the  owner 
or  owners  thereof  subscribing  or  consenting 
to  this  Agreement,  and,  if  the  Interest  Is  a 
Working  Interest,  by  the  owner  of  such  In- 
terest also  subscribing  to  the  Unit  Operat- 
ing Agreement. 

25.3  After  operations  are  commenced  here- 
under, the  right  of  subsequent  Joinder,  as 
provided  In  this  Article  XXV,  by  a working 
Interest  Owner  Is  subject  to  such  require- 
ments or  approvals.  If  any,  pertaining  to 
such  Joinder,  as  may  be  provided  for  In 
the  Unit  Operating  Agreement.  Joinder  to 
the  Unit  Agreement  by  a Working  Interest 
Owner,  at  any  time,  must  be  accompanied 
by  appropriate  Joinder  to  the  Unit  Operat- 
ing Agreement,  If  more  than  one  committed 
Working  Interest  Owner  Is  Involved,  in  order 
for  the  Interest  to  be  regarded  as  committed 
to  this  Unit  Agreement. 

25.4  After  final  approval  hereof,  Joinder  by 
a nonworking  Interest  owner  must  be  con- 
sented to  In  writing  by  the  Working  Interest 
Owner  committed  hereto  and  responsible  for 
the  payment  of  any  benefits  that  may  accrue 
hereunder  In  behalf  of  such  nonworking  In- 
terest. A nonworking  Interest  may  not  be 
committed  to  this  Agreement  unless  the  cor- 
responding Working  Interest  Is  committed 
hereto. 

25.5  Except  as  may  otherwise  herein  be 
provided,  subsequent  Joinders  to  this  Agree- 
ment shall  be  effective  as  of  the  first  day  of 
the  month  following  the  filing  with  the 
Supervisor  of  duly  executed  counterparts 
of  all  or  any  papers  necessary  to  establish 
effective  commitment  of  any  tract  to  this 
Agreement  unless  objection  to  such  Joinder 
Is  duly  made  within  sixty  (60)  days  by  the 
Supervisor. 

ARTICLE  XXVI COVENANTS  RUN  WITH 

THE  LAND 

26.1  The  covenants  herein  shall  be  con- 
strued to  be  covenants  running  with  the 
land  with  respect  to  the  Interest  of  the 
parties  hereto  and  their  successors  In  Interest 
until  this  Agreement  terminates,  and  any 
grant,  transfer,  or  conveyance,  of  Interest 
In  land  or  leases  subject  hereto  shall  be 
and  hereby  Is  conditioned  upon  the  assump- 
tion of  all  privileges  and  obligations  here- 
under by  the  grantee,  transferee,  or  other 
successor  In  Interest. 

26.2  No  assignment  or  transfer  of  any 
Working  Interest  or  other  Interest  subject 
hereto  shall  be  binding  upon  Unit  Operator 
until  the  first  day  of  the  calendar  month 
after  Unit  Operator  Is  furnished  with  the 
original,  photoetatlc,  or  certified  copy  of 
the  Instrument  of  transfer. 

ARTICLE  xxvn — NOTICES 

27.1  All  notices,  demands  or  statements  re- 
quired hereunder  to  be  given  or  rendered 
to  the  parties  hereto  shall  be  deemed  fully 
given  If  given  In  writing  and  personally 
delivered  to  the  party  or  sent  by  postpaid 
registered  or  certified  mall,  addressed  to  such 
party  or  parties  at  their  respective  addresses 
set  forth  In  connection  with  the  signatures 
hereto  or  to  the  ratification  or  consent 
hereof  or  to  such  other  address  as  any  such 
party  may  have  furnished  In  writing  to  party 
sending  the  notice,  demand  or  statement. 

ARTICLE  xxv hi — loss  or  TTTT.R 

28.1  In  the  event  title  to  any  tract  of 
Unitized  Land  shall  fall  and  the  true  owner 


cannot  be  Induced  to  Join  In  this  Agreement, 
such  tract  shall  be  automatically  regarded 
as  not  committed  hereto  and  there  shall  be 
such  readjustment  of  future  costs  and  bene- 
fits as  may  be  required  on  account  of  the 
loss  of  such  title. 

28.2  In  the  event  of  a dispute  as  to  title 
as  to  any  royalty,  Working  Interest,  or  other 
Interests  subject  hereto,  payment  or  delivery 
on  account  thereof  may  be  withheld  without 
liability  for  interest  until  the  dispute  Is 
finally  settled:  Provided,  That,  as  to  Federal 
land  or  leases,  no  payments  of  funds  due 
the  United  States  shall  be  withheld,  but 
such  funds  shall  be  deposited  as  directed  by 
the  Supervisor  to  be  held  as  unearned  money 
pending  final  settlement  of  the  title  dispute, 
and  then  applied  as  earned  or  returned  In 
accordance  with  such  final  settlement. 

ARTICLE  XXIX TAXES 

29.1  The  Working  Interest  Owners  shall 
render  and  pay  for  their  accounts  and  the 
accounts  of  the  owners  of  nonworking  In- 
terests all  valid  taxes  on  or  measured  by 
the  Unitized  Substances  In  and  under  or 
that  may  be  produced,  gathered,  and  sold 
or  utilized  from  the  land  subject  to  this 
Agreement  after  the  effective  date  hereof. 

29.2  The  Working  Interest  Owners  on 
each  tract  may  charge  a proper  proportion 
of  the  taxes  paid  under  29.1  hereof  to  the 
owners  of  nonworking  Interests  In  said  tract, 
and  may  reduce  the  allocated  share  of  each 
royalty  owner  for  taxes  so  paid.  No  taxes  shall 
be  charged  to  the  United  States  or  the  State 

of or  to  any  lessor  who  has  a 

contract  with  his  lessee  which  requires  the 
lessee  to  pay  such  taxes. 

ARTICLE  XXX — RELATION  OF  PARTIES 

30.1  It  Is  expressly  agreed  that  the  rela- 
tion of  the  parties  hereto  Is  that  of  Inde- 
pendent contractors  and  nothing  In  this 
Agreement  contained,  expressed,  or  Implied, 
nor  any  operations  conducted  hereunder, 
shall  create  or  be  deemed  to  have  created 
a partnership  or  association  between  the 
parties  hereto  or  any  of  them. 

ARTICLE  XXXI SPECIAL  FEDERAL  LEASE  STIPULA- 

TIONS AND/OR  CONDITIONS 

31.1  Nothing  In  this  Agreement  shall  mod- 
ify special  lease  stipulations  and/or  condi- 
tions applicable  to  lands  of  the  United  States. 
No  modification  of  the  conditions  necessary 
to  protect  the  lands  or  functions  of  lands 
under  the  Jurisdiction  of  any  Federal  agency 
Is  authorized  except  with  prior  consent  In 
writing  whereby  the  authorizing  official  spec- 
ifies the  modification  permitted. 

In  witness  whereof,  the  parties  hereto  have 
caused  this  Agreement  to  be  executed  and 
have  set  opposite  their  respective  names  the 
date  of  execution. 

Witnesses:  Unit  operator  (as 

unit  operator  and 

as  working  lnter- 

Wltnesses:  est  owner) 


By 

Witnesses:  Working  Interest 

_ Owners: 


Other  interest 
' Owners: 


By^ 
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Whereas  said  Principal  and  record  owners 
of  unitized  substances,  pursuant  to  said  unit 
agreement,  have  entered  Into  certain  cove- 
nants and  agreements  as  set  forth  therein, 
under  which  operations  are  to  be  conducted; 
and 

Whereas  said  Principal  as  Unit  Operator 
has  assumed  the  duties  and  obligations  of 
the  respective  owners  of  unitized  substances 
as  defined  In  said  unit  agreement;  and 

Whereas  said  Principal  and  surety  agree  to 
remain  bound  In  the  full  amount  of  the 
bond  for  failure  to  comply  with  the  terms  of 
the  unit  agreement,  and  the  payment  of 
rentals,  minimum  royalties,  and  royalties 
due  under  the  Federal  leases  committed  to 
said  unit  agreement;  and 

Whereas  the  Surety  hereby  waives  any 
right  of  notice  of  and  agrees  that  this  bond 
may  remain  In  force  and  effect  notwith- 
standing : 

(a)  Any  additions  to  or  change  In  the 
ownership  of  the  unitized  substances  herein 
described. 

(b)  Any  suspension  of  the  drilling  or  pro- 
ducing requirements  or  waiver,  suspension 
or  reduction  of  rental  or  minimum  royalty 
payments  or  reduction  of  royalties  pursuant 
to'  applicable  laws  or  regulations  thereunder; 
and 

Whereas  said  Principal  and  Surety  agree 
to  the  payment  of  compensatory  royalty 
under  the  regulations  of  the  Interior  Depart- 
ment In  lieu  of  drilling  necessary  offset 
wells  In  the  event  of  drlanage;  and 

Whereas  nothing  herein  contained  shall 
preclude  the  United  States  from  requiring 
an  additional  bond  at  any  time  when  deemed 
necessary : 

Now,  therefore,  1?  the  said  Principal  shall 
faithfully  comply  with  all  of  the  provisions 
of  the  above-identified  unit  agreement  and 
with  the  terms  of  the  leases  committed 
thereto,  then  the  above  obligation  Is  to  be  of 
no  effect;  otherwise  to  remain  In  full  force 
and  virtue. 

Signed,  sealed,  and  delivered  this 

day  of 19 , In  the  presence 

of: 

Witnesses: 


(Principal) 


ISuretv) 

§ 271.16  Form  of  designation  of  suc- 
cessor unit  operator  by  working  in- 
terest owners. 

Designation  of  successor  Unit  Operator 

Unit  Area,  County  of 

State  of No. 

This  Indenture,  dated  as  of  the day 

of  , 19 by  and  between 

hereinafter  desig- 
nated as  "First  Party,”  and  the  owners  of 


unitized  working  Interest,  hereinafter  desig- 
nated as  "Second  Parties,” 

Wltnesseth:  Whereas  under  the  provisions 
of  the  Geothermal  Steam  Act  of  December  24, 
1970,  84  Stat.  1666,  the  Secretary  on  the 

day  of 19 approved 

a unit  agreement  for  the Unit 

Area,  wherein Is  designated  as 

Unit  Operator;  and 

Whereas  said has 

resigned  as  such  Operator,1  and  the  designa- 
tion of  a successor  Unit  Operator  Is  now  re- 
quired pursuant  to  the  terms  thereof;  and 

Whereas  First  Party  has  been  and  hereby  Is 
designated  by  Second  Parties  as  a Unit  Opera- 
tor, and  said  First  Party  desires  to  assume  all 
the  rights,  duties,  and  obligations  of  Unit 
Operator  under  the  said  unit  agreement. 

Now,  therefore,  In  consideration  of  the 
premises  hereinbefore  set  forth  and  the 
promises  hereinafter  stated,  the  First  Party 
hereby  covenants  and  agrees  to  fulfill  the 
duties  and  assume  the  obligations  of  Unit 
Operator  under  and  pursuant  to  all  the 

terms  of  the  unit  agreement, 

and  the  Second  Parties  covenant  and  agree 
that,  effective  upon  approval  of  this  lden- 
ture  by  the  Supervisor,  of  the  Geological 
Survey,  First  Party  shall  be  granted  the  ex- 
clusive right  and  privilege  of  exercising  any 
and  all  rights  and  privileges  and  Unit  Opera- 
tor, pursuant  to  the  terms  and  conditions  of 
said  unit  agreement;  6ald  unit  agreement 
being  hereby  Incorporated  herein  by  refer- 
ences and  made  a part  hereof  as  fully  and 
effectively  as  though  said  unit  agreement 
were  expressly  set  forth  In  this  Instrument. 

In  witness  whereof,  the  parties  hereto  have 
executed  this  Instrument  as  of  the  date  here- 
inabove set  forth. 


(First  Party) 


(Witnesses) 


(Second  Party) 


(Witnesses) 

I hereby  approve  the  foregoing  Indenture 

designating  as  Unit  Operator 

under  the  unit  agreement  for  the 

Unit  Area,  this day  of 

19 


Supervisor, 

U.S.  Geological  Survey. 

§ 271.17  Form  of  change  in  unit  op- 
erator by  assignment. 


Change  In  Unit  Operator unit 

Area,  County  of  State  of 

, No. 


1 Where  the  designation  of  a successor  Unit 
Operator  Is  required  for  any  reason  other 
than  resignation,  such  reason  shall  be  sub- 
stituted for  the  one  stated. 


This  Indenture,  dated  as  of  the day 

of  19 by  and  between 

hereinafter  desig- 
nated as  "First  Party,”  and 

hereinafter  designated  as  "Second 

Party.” 

Wltnesseth:  Whereas  under  the  provisions 
of  the  Geothermal  Steam  Act  of  December  24, 
1970,  84  Stat.  1666,  the  Secretary  on  the 

day  of , 19 approved 

a unit  agreement  for  the Unit 

Area,  wherein  the  First  Party  Is  designated 
as  Unit  Operator;  and 

Whereas  the  First  Party  desires  to  transfer, 
assign,  release,  and  quitclaim,  and  the  Second 
Party  desires  to  assume  all  the  rights,  duties, 
and  obligations  of  Unit  Operator  under  the 
unit  agreement;  and 

Whereas  for  sufficient  and  valuable  con- 
sideration, the  receipt  whereof  Is  hereby 
acknowledged,  the  First  Party  has  transferred, 
conveyed  and  assigned  all  hls/lts  rights  under 
certain  operating  agreements  Involving  lands 
within  the  area  set  forth  In  said  unit  agree- 
ment unto  the  Second  Party: 

Now,  therefore,  In  consideration  of  the 
premises  hereinbefore  set  forth,  the  First 
Party  does  hereby  transfer,  assign,  release, 
and  quitclaim  unto  Second  Party  all  of  First 
Party's  rights,  duties  and  obligations  as  Unit 
Operator  under  said  unit  agreement;  and 
Second  Party  hereby  accept  this  assign- 
ment and  hereby  convenants  and  agrees  to 
fulfill  the  duties  and  assume  the  obligations 
of  Unit  Operator  under  and  pursuant  to  all 
the  terms  of  said  unit  agreement  to  the  full 
extent  set  forth  In  this  assignment,  effective 
upon  approval  of  this  Indenture  by  the 
Supervisor  of  the  Geological  Survey;  said  unit 
agreement  being  hereby  Incorporated  herein 
by  reference  and  made  a part  hereof  as  fully 
and  effectively  as  though  said  unit  agreement 
were  expressly  set  forth  In  this  Instrument. 

In  witness  whereof,  the  parties  hereto  have 
executed  this  Instrument  as  of  the  date  here- 
inabove set  forth. 


(First  Party) 


(Witnesses) 


(Second  Party) 


(Witnesses) 

I hereby  approve  the  foregoing  Indenture 


designated as  Unit 

Operator  under  the  unit  agreement  for  the 
- Unit  Area,  this day  of 


19 

Supervisor,  U.S. 
Geological  Survey 

Dated:  July  18, 1973. 

William  W.  Lyons, 
Deputy  Under  Secretary 
of  the  Interior. 
[FR  Doc.73-16068  Filed  7-20-73;8:45  am] 
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Proposed  Rules 

EThis  section  of  the  FEDERAL  REGISTER  contains  notices  to  the  public  of  the  proposed  Issuance  of  rules  and  regulations.  The  purpose  of 
these  notices  is  to  give  interested  persons  an  opportunity  to  participate  in  the  rulemaking  prior  to  the  adoption  of  the  final  rules. 


DEPARTMENT  OF  THE  INTERIOR 
Bureau  of  Land  Management 
[ 43  CFR  Parts  3000,  3200  ] 
GEOTHERMAL  RESOURCES 

Leasing  on  Public,  Acquired,  and  With- 
drawn Lands;  Correction  and  Extension 

of  Comment  Period 

The  purpose  of  this  notice  is  to  correct 
the  inadvertent  omission  of  § 3230.1-5 
from  the  proposed  geothermal  regula- 
tions published  in  the  Federal  Register 
on  July  23,  1973  (38  FR  19748).  Section 
3230J-5  sets  forth  evidence  require- 
ments for  qualifying  to  convert  claimed 
geothermal  rights  to  geothermal  leases. 
In  addition,  this  notice  clarifies  the  pro- 
posed regulations  by  correcting  several 
lesser  errors. 

The  time  for  submission  of  written 
comments,  suggestions,  or  objections, 
with  respect  to  43  CFR,  Parts  3000  and 
3200,  proposed  July  23,  1973,  and 

§ 3230.1-5  appearing  below,  to  the  Geo- 
thermal Coordinator,  Department  of  the 
Interior,  Washington,  D.C.  20240,  is 
hereby  extended  from  August  22,  1973  to 
September  5,  1973. 

1.  A new  § 3230.1-5  is  added  to  Sub- 
part 3230  of  the  proposed  regulations  to 
read: 

§ 3230.1—5  Evidence  required  to  qualify 
for  grant  of  rights  to  conversion  to 
geothermal  leases,  or  to  applications 
for  geothermal  leases. 

(a)  Any  person  claiming  rights  to  con- 
version to  a geothermal  lease  must  show 
to  the  reasonable  satisfaction  of  the  au- 
thorized officer  that  substantial  expendi- 
tures for  the  exploration,  development 
or  production  of  geothermal  steam  were 
made  by  the  applicant  who  is  seeking 
the  conversion  on  the  lands  for  which  a 
lease  is  sought  or  on  adjoining,  adjacent 
or  nearby  lands,  including  both  Federal 
and  non-Federal  lands.  The  substantial 
expenditures  must  have  been  made  prior 
to  December  24,  1970,  and  either  by  the 
applicant  seeking  conversion  or  by  his 
predecessors  in  interest. 

(b)  For  purposes  of  these  regulations, 
an  application  for  a lease  or  a permit, 
filed  pursuant  to  applicable  mineral  leas- 
ing acts,  pending  on  September  7,  1965, 
which  subsequently  ripened  into  a lease 
or  permit,  and  which  remains  outstand- 
ing or  has  either  terminated,  expired  or 
been  canceled  or  relinquished,  retains  the 
right  to  conversion  to  an  application  for 
a geothermal  lease.  Applications  for  a 
lease  or  permit,  filed  pursuant  to  appli- 
cable mineral  leasing  acts,  pending  "on 


September  7,  1965,  which  were  subse- 
quently withdrawn,  retain  the  right  to 
conversion  to  an  application  for  a 
geothermal  lease.  Leases  or  permits  is- 
sued pursuant  to  the  applicable  mineral 
leasing  acts  and  outstanding  on  Septem- 
ber 7,  1905,  which  were  subsequently  ter- 
minated, expired,  or  were  canceled  or 
relinquished,  retain  the  right  to  conver- 
sion to  a geothermal  lease. 

2.  Section  3203.3  is  corrected  to  read: 

§ 3203.3  Consolidation  of  leases. 

Two  or  more  contiguous  leases  issued 
to  the  same  lessee  may  be  consolidated 
if  the  total  combined  acreage  does  not  ex- 
ceed 2,560  acres,  except  where  a larger 
acreage  is  caused  by  an  irregular  sub- 
division or  subdivisions  as  stated  in 
3203.2. 

§ 3241.1—1  [Corrected] 

3.  Section  3241.1-1  is  corrected  by  de- 
leting “is  less  than  1,280  acres  occasioned 
by”  from  paragraph  (a)  (1). 

4.  Section  3241.2-2  is  corrected  to 
read: 

§ 3241.2—2  Number  of  copies  required. 

Three  copies  of  all  instruments  of  as- 
signment or  transfer,  and  a single  copy 
of  any  additional  Information  required  by 
§ 3202  of  these  regulations  relating  to 
citizenship  or  qualifications  of  corpora- 
tions and  associations,  including  partner- 
ships, must  be  filed  in  the  proper  BLM 
Office. 

5.  Section  3243.4-1  is  corrected  by: 
Adding  the  letter  “s”  to  corporation  in 
paragraph  (a) ; relettering  paragraphs 

(c)  and  (d)  as  (b)  and  (c)  respectively. 

Dated:  August  3,  1973. 

W.  W.  Lyons, 
Deputy  Under  Secretary 
of  the  Interior. 

(FR  Doc.73-16335  Filed  8-7-73;8:46  am] 
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B.  ENVIRONMENTAL  IMPACT  OF  THE  PROPOSED  ACTION 


1 . Gengral 

Regardless  of  the  location,  geothermal  operations  and  activities 
generally  will  follow  a sequence  of  exploration,  testing,  development 
where  production  is  obtained,  and  abandonment  after  completion  of  testing 
if  unsuccessful  or  after  production  ceases.  The  environmental  impacts 
of  the  development  and  use  of  geothermal  steam  and  associated  geothermal 
resources  would  be  dependent  upon  a number  of  factors,  including  biolog- 
ical, geographic,  geologic,  physical,  clamatological,  and  demographic 
characteristics  of  the  area  to  be  developed.  In  addition,  the  mineral 
resources  as  well  as  the  aesthetic,  scenic,  recreational,  agricultural, 
industrial,  and  either  potential  land  uses  must  be  considered.  Other 
important  factors  are  the  physical  and  chemical  character  of  the  steam 
and/or  associated  fluids,  the  relationship  between  the  geothermal  reser- 
voirs and  fresh  water  reservoirs,  and  the  extent  and  energy  content  of 
the  geothermal  resource.  Environmental  evaluations  also  must  recognize 
the  potential  environmental  benefits  which  may  be  derived  from  the  uti- 
lization of  this  resource  in  relationship  to  an  equivalent  amount  of 
energy  derived  from  alternative  sources.  If  geothermal  exploration, 
development,  and  production  activities  are  properly  planned,  regulated, 
conducted,  and  operated,  these  resources  may  provide  an  environmentally 
acceptable  energy  source. 

The  two  basic  types  of  geothermal  systems  pose  quite  different  envi- 
ronmental problems.  The  vapor -dominated  systems  generally  yield 
relatively  pure  steam  with  minor  amounts  of  other  gases,  minerals,  etc. 
such  as  boron,  carbon  dioxide,  hydrogen,  methane,  nitrogen,  hydrogen  sul- 
fide, mercury,  radon,  and  ammonia.  Analysis  of  'condensates  of  such 
vapors  commonly  indicates  a water  containing  predominantly  dissolved 
ammonium  and  bicarbonate  ions. 

Hot-water  systems  may  yield  hot  mineralized  or  saline  waters  containing 
a wide  variety  of  metallic  salts  and  silica.  In  the  Salton  Sea  KGRA, 
the  geothermal  fluid  is  a highly  concentrated  brine.  In  other  areas, 
such  as  Oregon  and  Idaho,  the  hot  waters  may  be  of  sufficient  purity 
to  be  used  directly  for  irrigation  or  other  fresh  water  uses. 

Development  and  production  of  geothermal  resources  involve  six  phases: 
exploration,  test  drilling,  production  testing,  field  development, 
powerplant  and  powerline  construction,  and  full-scale  operations.  Each 
phase  would  have  differing  impacts  on  the  environment  depending  upon  the 
potential  of  the  geothermal  resources  and  the  varying  relationship  with 
other  actual  and  potential  resources. 

2.  Exploration 

The  exploration  of  both  known  and  potential  geothermal  areas  are  designed 
to  locate  and  define  commercial  geothermal  reservoirs  and  to  evaluate 
the  impact  of  possible  geothermal  development  upon  the  environment,  in- 
cluding surface  and  subsurface  resources  and  various  land  uses.  Princi- 
pal exploration  activities  include  topographic  and  geologic  mapping, 
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geologic  field  examinations,  ground  and  spring  temperature  surveys, 
geochemical  studies,  geophysical  surveys,  and  shallow  drilling  for  the 
purpose  of  sampling  surficial  ground  waters,  temperature  measurement, 
and  subsurface  rock  sampling.  These  exploration  activities  are  surface- 
oriented  investigations  which  can,  if  not  properly  planned,  conducted, 
and  regulated,  lead  to  temporary  environmental  damage  from  activities 
such  as  movement  of  field  parties  over  access  roads  or  cross  country 
and  shallow  drilling  required  for  geophysical  exploration. 

Exploration  operations  conducted  prior  to  obtaining  a geothermal  lease 
may  involve  both  airborne  explorations,  which  do  not  require  physical 
presence  on  the  ground,  or  surface  exploration.  Surface  exploration 
includes  both  casual  use,  which  generally  does  not  result  in  significant 
disturbance  of  the  environment  (such  as  small  field  crews  with  no  off- 
road vehicles  or  crews  using  lightweight  vehicles  on  existing  roads  and 
trails),  or  intensive  use  which  may  result  in  serious  disturbance  of  the 
environment  to  varying  degrees.  Intensive  use  can  involve  actions  such 
as  construction  of  temporary  access  roads  or  trails,  clearing  of  vege- 
tative cover  for  an  exploration  site,  movement  of  heavy  equipment  and 
vehicles  cross  country,  etc. 

(a)  Airborne  Exploration  - Small  aircraft  and  helicopters  are  used  to 
conduct  a variety  of  exploration  surveys.  Low  altitude  geologic  re- 
connaissance flights  at  100  to  500  feet  are  made  for  heat,  and  magnetic 
sensing  and  to  visually  search  for  rock  outcrops  to  give  structural 
indications  and  lithologic  data,  both  of  which  are  studied  later  by 
surface  exploration  methods.  High  altitude  flights  above  3,000  feet  are 
made  to  conduct  photographic,  sensing,  geophysical  magnetometer  and  geo- 
logic visual  reconnaissance  surveys. 

(b)  Surface  Exploration  - Casual  use  activities  include  the  use  of 
existing  roads  and  trails  to  conduct  a variety  of  surveys  such  .as: 

- Geochemical  surveys  where  water  and  vegetative  samples  are  obtained 
and  analyzed  for  their  chemical  content. 

- Stratigraphic,  lithologic  and  structural  mapping  where  a geologist 
assisted  by  a survey  crew  examines  the  rock  outcrops  and  topography 
in  an  area  and  makes  surveys  of  these  data  points. 

- Micro  gas  surveys  where  air  samples  are  obtained  from  various 
points  within  a given  area. 

- Reconnaissance  surveys  where  the  surface  features  and  natural 
phenomena  are  examined  without  disturbing  the  land. 

Intensive  use  consists  of  activities  related  to  the  search  for  evidence  of 
geothermal  indicators  which  require  physical  presence  upon  the  land  and  can 
result  in  significant  disturbance  of  the  environment  (roads,  clearing,  etc.). 

Whenever  there  is  an  increase  in  human  activity,  the  potential  for  acci- 
dental brush  or  forest  fires  increases.  Sparks  from  equipment,  burning 
of  waste  materials,  and  carelessness  with  combustible  materials  may  result 
in  accidental  fires.  Although  the  potential  for  accidental  fires  will 
vary  from  one  geothermal  field  to  the  next,  the  fire  hazard  at  any  parti- 
cular site  is  expected  to  remain  about  the  same  throughout  the  various 
phases  of  geothermal  development.  Adequate  fire  prevention  measures 
can  be  taken  to  mitigate  this  risk.  Accidental  fires  can  cause  increased 
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erosion  and  stream  sedimentation,  increased  air  pollution,  loss  of  valuable 
timber  resources,  loss  of  wildlife  habitat,  loss  of  surface  geothermal 
related  structures,  etc. 

3 . Test  Drilling 

Locations  for  the  drilling  of  test  wells  would  be  selected  on  the  basis 
of  preliminary  exploration  work,  an  approved  exploration  plan,  and  other 
data.  Test  wells  provide  subsurface  geologic  data,  locate  potential  pro- 
ductive zones  within  the  geothermal  reservoir,  help  delineate  the  reservoir 
limits,  and  aid  in  determining  the  physical  and  chemical  properties  of  the 
reservoir  and  reservoir  fluids. 

The  test  drilling  equipment  used  often  is  a truck-mounted  drilling  rig 
and  possibly  a truck-mounted  air  compressor  if  the  drilling  is  done  with 
air  or  a water  tank  truck  if  the  drilling  is  done  with  water.  The  drill 
site  occupies  an  area  of  approximately  40  x 60  feet',  or  it  may  be  in  the 
center  of  a new  or  existing  trail.  In  some  cases,  a drilling  rig  with  a 
conventional  substructure  is  used.  The  drill  site  (or  pad)  generally 
involves  an  area  of  less  than  an  acre  which  may  be  cleared  of  vegetation 
and  graded  to  a flat  surface.  The  drilling  rig,  mud  pumps,  mud  tanks, 
generators,  drill  pipe  rack,  tool  house,  etc.  usually  are  located  on  the 
drill  pad.  Other  facilities  such  as  storage  tanks  for  water  and  fuel  may 
or  may  not  be  on  the  drill  pad;  however,  they  will  be  nearby.  A reserve 
pit  of  approximately  1,000  square  feet  and  6 to  8 feet  deep  is  sometimes 
dug  to  contain  waste  fluids  during  drilling  operations. 

Where  larger  equipment  is  used,  it  may  be  necessary  to  construct  a heavy 
duty  road  that  can  support  the  drilling  rig  and  other  equipment  that  must 
be  moved  to  the  location.  The  shortest  feasible  route  should  be  used 
to  reduce  costs,  environmental  disturbances,  and  haul  time.  The  roads 
may  cross  small  streams  with  or  without  the  use  of  culverts;  however, 
they  are  not  designed  for  permanent  access.  Depending  on  soil  condi- 
tions, the  well  site  and  roads  may  or  may  not  be  gravelled. 

Operation  of  gasoline  powered  motor  vehicles  used  to  move  men  and  sup- 
plies and  diesal  powered  trucks,  drill  rigs,  and  construction  equipment 
necessary  for  test  drilling  and  subsequent  development  phases  can  con- 
tribute pollutants  to  the  atmosphere.  The  quantity  of  pollutants  from 
internal  combustion  engines  is  expected  to  be  small  in  comparison  to 
pollution  from  present  vehicular  movements  over  existing  local  roads, 
but  vehicular  movement  related  to  geothermal  activity  will  result  in 
some  increase  in  the  pollution  load  to  the  local  atmosphere. 

Particulate  matter,  in  quantities  greater  than  natural  wind-blown  dust 
or  dust  generated  by  present  vehicular  movement  over  untreated  local 
roads,  will  be  added  to  the  atmosphere  as  a result  of  geothermal  related 
vehicular  movement  on  untreated  or  unsurfaced  roads  and  from  earthmoving 
activity  during  construction  of  drill  pads  and  related  construction  pro- 
jects. Construction  activity  will  also  create  temporary  vegetation-free 
sites,  which  may  be  subject  to  a greater  degree  of  wind  erosion  than 
natural  undisturbed  ground.  Dust  generated  as  a result  of  geothermal 
related  activity  would  contribute  to  the  degradation  of  air  quality  in 
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the  vicinity  of  the  geothermal  development.  Quantitative  measurements 
of  the  potential  increase  in  particulates  as  a result  of  geothermal 
activity  have  not  been  documented,  but  no  serious  impacts  are  antici- 
pated. In  addition  to  possible  degradation  of  air  quality,  the  settling 
of  particulates  on  surrounding  plant  life  may  have  some  influence  on 
their  growth  and  survival. 

Current  drilling  equipment,  technology,  and  methods  are  similar  to  those 
used  in  oil  and  gas  operation,  with  modifications  to  suit  the  specific 
needs  of  geothermal  drilling  (Figure  III-l).  Equipment,  such  as  der- 
ricks, substructures,  mud-circulation  systems,  drill  strings,  casing, 
well-head  equipment,  cements,  and  cementing  equipment  must  be  suitable 
for  the  drilling  assignment  or  the  health  and  safelty  of  employees  may 
be  jeopardized  and  the  possibility  of  blowout  or  other  environmental 
hazards  may  be  increased.  Backfilling  of  mud  pits  and  fluid  ponds,  use 
of  blowout  preventers,  and  casing  and  cementing  of  the  well  (Figure  1II-2) 
will  be  required  to  limit  any  adverse  environmental  impact  at  the  immedi- 
ate well  site.  If  a test  well  is  to  be  abandoned,  the  well  should  be 
properly  plugged.  A well  yielding  only  fresh  water  could  be  developed 
as  a fresh  water  source.  Improper  abandonment  of  field  camps  could  con- 
tribute to  degradation  of  the  environment  by  trash,  drilling  wastes, 
unrestored  surface  disturbance,  etc. 

Blowouts,  in  which  steam  or  hot  water  escape  uncontrolled,  pose  an 
environmental  hazard  in  geothermal  operations.  Once  a blowout  occurs, 
it  may  present  control  problems  because  of  the  difficulty  of  handling 
escaping  hot  fluid;  however,  unlike  similar  problems  encountered  with 
oil  and. gas  wells,  there  is  essentially  no  fire  hazard.  Using  modern 
drilling  techniques,  blowouts  are  expected  to  be  infrequent  mishaps. 

The  potential  adverse  environmental  effects  of  accidental  releases  of 
geothermal  fluids  include  waste  of  the  resource,  noise  nuisance,  air 
contamination  from  gaseous  emissions,  pollution  of  surface  and  ground 
water  resources,  and  hazard  to  health  and  safety  (bodily  injury  to 
workers,  both  at  the  initial  event,  which  may  be  sudden  and  violent,  and 
in  subsequent  control  attempts).  These  impacts  are  considered  further  in 
the  following  sections  and  as  appropriate  for  the  three  specific  areas 
proposed  for  leasing  (Vol.  II). 

Because  of  the  lack  of  knowledge  of  the  subsurface  geologic  and  thermal 
conditions,  the  possibility  of  mishaps  appears  somewhat  greater  in  the 
test  drilling  stage  than  in  following  stages.  Blowouts  could  occur 
throughout  all  succeeding  stages  of  active  geothermal  operations  and 
also  at  abandoned  or  suspended  operations.  Blowouts  can  occur  during 
drilling  operations,  at  wells  which  are  undergoing  production  testing 
or  have  been  tested,  and  at  wells  which  have  been  in  service  for  some 
time. 

In  addition  to  the  blowouts  in  the  immediate  vicinity  of  wells,  steam 
and  hot  water  can  issue  from  the  ground  surface  in  a developed  or  pros- 
pective geothermal  field,  in  association  with,  but  some  distance  away 
from  a well  that  is  experiencing  difficulties.  Cratering  and  mud 
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Figure  III-l.  Diagram  of  typical  drilling  arrangement  in  geothermal  development. 
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Figure  III-2.  Profile  of  typical  geothermal  well  completion  at  Cerro 
Prieto,  Mexico,  showing  three  casings  encased  in  cement 
with  slotted  liner  for  producing  hot  water  on  bottom 
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ejection  can  accompany  fluid  emissions  in  this  type  of  blowout  and  may 
lead  to  damages  to  property  as  well  as  contamination  of  the  water  regime. 
The  following  documentation  of  blowout  occurrences  at  various  geothermal 
fields  is  presented  to  point  out  both  the  cause  and  the  environmental 
impact  of  these  events. 

In  the  development  of  the  Wairakei  field  in  New  Zealand,  the  occurrence 
of  blowouts  was  thoroughly  investigated  and  described  (Bolton,  1964). 

Of  the  approximately  100  wells  drilled  during  the  pioneer  years  of  New 
Zealand  geothermal  development,  two  wells  were  abandoned  during  drilling 
because  of  blowouts,  and  a blowout  occurred  at  a third  well  after  some 
years  of  service.  There  was  no  loss  of  life.  As  a result  of  these  and 
other  incidents,  various  safety  measures  were  introduced  and  their 
success  is  reflected  by  a reduction  in  this  type  of  mishap  in  the  subse- 
quent drilling  of  production  wells  for  the  field.  The  general  conclu- 
sion drawn  from  experience  at  Wairakei  is  that  blowouts  can  be  prevented 
by  the  application  of  sound  engineering  and  "good  housekeeping"  princi- 
ples. At  the  site  of  one  of  the  blowouts  which  occurred  during  drilling 
of  (Bore  No.  204) , a large  crater  formed  after  the  equipment  was  removed. 
This  crater  has  emitted  steam  for  several  years  and  now  safely  contains 
a fenced-off  pool  of  boiling  water  in  an  area  of  fertile  pasture  land 
bordering  the  steam  field. 

Subsequent  to  the  completion  of  production  drilling  in  the  Wairakei 
field  in  1964,  some  78  wells  were  drilled  throughout  New  Zealand 
chiefly  for  investigation  and  development  of  other  prospective  geo- 
thermal fields  without  any  notable  blowouts  (Stillwell,  1971).  There 
were  several  instances  of  bores  coming  under  pressure  prematurely,  but 
use  of  multiple  remote-controlled  blowout  prevention  devices  insured 
full  protection.  No  damage  to  equipment  or  personal  injury  resulted 
and  resumption  of  drilling  and  testing  was  possible  at  the  wells  in 
which  the  incidents  occurred. 

At  the  Larderello  steam  field  in  Italy,  the  oldest  commercial  geothermal 
operation,  blowouts  are  an  important  localized  drilling  problem.  Blow- 
outs are  routinely  handled  as  a noisy,  difficult  part  of  the  regular 
operations,  requiring  highly  competent  drill  crews,  and  are  not  consi- 
dered serious  mishaps  that  could  cause  pollution  or  have  other  adverse 
effects.  As  a rule,  weils  are  brought  into  production  with  controlled 
releases  of  steam.  Due  to  the  cavernous  structure  of  the  productive 
steam-bearing  formation,  sudden  uncontrolled  releases. or  blowouts,  of 
steam  and  water  are  anticipated  during  drilling  when  circulation  losses 
cause  the  hydrostatic  head  inside  the  well  to  fall  below  the  pressure  of 
the  steam  in  the  cavernous  strata.  Equipment  and  precautionary  tech- 
niques have  been  developed  to  handle  this  occurrence  and  to  bring  the 
well  under  control  and,  if  necessary,  to  deepen  the  well  (Cigni,  et  al, 
1971). 

As  of  February  1973,  three  blowouts  have  been  reported  at  The  Geysers 
field  in  California.  The  first  blowout  occurred  in  1957  during  the 
drilling  of  well  Thermal  4.  This  blowout,  which  has  been  attributed  to 


III-8 


a combination  of  inadequate  casing  and  minor  landsliding,  has  been  a 
continuing  noisy  nuisance  since  1957  (Figure  III-3) . A loss  of 
$125,000  per  year  is  attributed  to  this  wastage.  It  is  estimated  that 
this  blowout,  during  the  past  15-year  period,  has  emitted  more  than  9 
million  tons  of  steam  and  about  4,000  tons  of  hydrogen  sulfide,  5,000 
tons  of  ammonia,  and  6,000  tons  of  methane  to  the  atmosphere. 

In  January  1970,  well  Thermal  5 blew  out  through  a fissure  some  65  feet 
from  the  casing  head  after  a period  of  heavy  rains.  Injection  of  cement 
slurry  into  the  casing  over  a period  of  10  days  controlled  the  flow  of 
steam  and  the  well  was  sealed  and  abandoned.  On  January  17,  1973  a 
minor  landslide,  which  occurred  after  an  extended  period  of  heavy  rain- 
fall, evidently  ruptured  the  casing  of  Magna-Thermal  well  Happy  Jack  7. 

A steam  explosion  occurred  forming  a crater  50  feet  in  diameter.  Several 
attempts  have  been  made  to  control  the  venting  of  steam  from  outside  the 
casing  but  steam  has  continued  to  issue  from  around  the  well  casing.  It 
is  anticipated  that  control  measures  will  be  successful  in  stopping  this 
steam  venting. 

As  of  January  1973,  more  than  100  wells  had  been  completed  in  The  Geysers 
field,  the  bulk  of  which  were  drilled  since  the  1957  blowout,  with 
two  additional  blowouts.  The  frequency  of  blowouts  at  The  Geysers  during 
the  entire  period  of  development  and  operation  appears  to  have  been 
comparable  to  the  incidence  of  blowouts  in  New  Zealand,  where  about  175 
geothermal  wells  have  been  drilled  with  three  blowouts.  There, the  more 
severe  blowouts  all  occurred  before  1960,  early  in  the  development  pro- 
gram, and  the  record  has  clearly  improved. 

In  the  Imperial  Valley  region,  blowouts  have  been  experienced  in  the 
Cerro  Prieto  field  in  Mexico.  There  have  been  no  blowouts  in  the  Salton 
Sea  field  or  elsewhere  in  California  where  about  20  deep  wells,  which 
have  encountered  abnormally  hot  fluids,  have  been  drilled.  Tn  the  Cerro 
Prieto  field,  more  than  40  wells  have  been  drilled  since  1960  with  about 
half  being  completed  as  productive  wells.  There  have  been  two  blowouts 
during  this  period.  One  occurred  in  1961  during  the  production  testing 
of  one  of  the  earliest  completed  wells.  The  blowout  was  caused  by 
mechanical  failure  due  to  vibrations  in  the  well-head  equipment.  This 
well  was  brought  under  control  by  directional  drilling  and  cement  in- 
jection. This  experience  led  to  modification  of  the  well-head  layout, 
which  has  eliminated  this  type  of  mishap.  The  other  blowout,  which 
blew  wild  for  about  four  months  in  1972,  was  at  a well  that  had  been 
completed  and  tested  a few  years  earlier  and  was  ready  to  go  on  line  as 
one  of  17  producing  wells  for  the  nearly  completed  75  MW  powerplant. 

The  protracted  event  started  with  water  and  steam  being  emitted  from  a 
large  crater  about  300  feet  from  the  well.  Several  days  later,  this 
crater  was  the  scene  of  a sudden,  violent  blowout  around  the  well  head. 
The  crater  venting  subsided  but  emissions  around  the  well  resisted 
corrective  measures  for  about  four  months.  This  failure  has  been  attri- 
buted to  improper  casing  cementation  and  well-head  construction.  Infor- 
mation on  this  recent  accident  is  not  adequate  to  assess  the  effect  on 
the  environment,  but  waste  of  the  resource,  damage  to  equipment  in  the 
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Figure  III-3.  Uncontrolled  discharge  of  steam  from  well  that  blew  out  at  The  Geysers  field 

in  1957.  Steam  issues  at  high  velocity  from  pipe  in  center  and  seeps  out  of 
surrounding  fill. 


well-head  vicinity,  and  interference  with  the  field  development  work 
appear  to  have  been  the  major  effects. 

In  the  western  United  States,  (exclusive  of  The  Geysers  and  the  Imperial 
Valley  regions  and  the  Klamath  Falls  area  In  Oregon,  where  more  than  350 
hot-water  wells  have  been  drilled  for  heating  and  domestic  use)  over  32 
localities  had  been  explored  for  geothermal  fluids  by  drilling  139  wells 
as  of  October  1969,  (Koenig,  1971).  At  23  of  these  localities,  124 
wells  encountered  fluids  that  were  heated  above  boiling  temperature. 

Some  geysering  occurred  at  a few  sites  in  California  and  Oregon,  and  even 
though  much  of  the  work  was  done  with  minimal  regulation  and  background 
of  experience,  steam  and  water  releases  that  could  not  be  controlled 
were  not  a problem.  However,  a mishap  at  the  site  of  drilling  at  Beowawe 
in  north -central  Nevada  a year  ago  is  an  example  of  another  set  of 
of  conditions  for  blowouts.  In  this  instance,  which  occurred  in  August 
1972,  three  of  11  capped  wells  that  had  been  drilled  in  a suspended  geo- 
thermal prospecting  venture  on  private  lands  between  1959  and  1965  appear 
to  have  been  dynamited  by  persons  unknown.  This  resulted  in  strong  ejec- 
tions of  steam  and  water,  which  were  still  vigorously  blowing  uncontrolled 
in  mid-September  1972  (Figure  III-4) . Wastage  of  the  heat  resource 
appears  to  be  the  only  significant  impact  as  the  water  that  is  being 
emitted  is  of  fairly  low  salinity  and  is  used  for  pasture  irrigation. 

Although  blowouts  can  be  expected  to  occur,  the  probability  of  a signifi- 
cant blowout  at  any  particular  location  can  be  greatly  reduced  as  a 
result  of  technological  refinements,  drilling  control  measures,  and 
increased  operating  experience. 

4.  Production  Testing 

Production  testing  is  the  transitional  phase  between  exploration  and 
potential  development  and  production  of  a geothermal  reservoir.  A well 
that  has  penetrated  a potentially  productive  geothermal  zone  is  com- 
pleted and  tested  over  a period  of  time  to  clean  out  the  well  and  to 
determine  the  flow  rate,  composition  and  temperature  of  fluids  and  gases, 
recharge  characteristics,  pressures,  compressibility,  and  other  physical 
properties  of  the  reservoir  fluids.  Testing  requires  that  the maximim  pro- 
duction rate  of  the  well  be  established  by  various  controlled  production 
rates  over  sufficient  time  to  establish  the  hydrodynamic  properties  and/or 
boundary  characteristics  of  the  reservoir.  This  process  involves  venting 
of  the  well  to  the  atmosphere  with  accompanying  vapor  release  and  noise. 

Noncondensible  gases  such  as  carbon  dioxide,  methane,  hydrogen,  nitro- 
gen, argon,  carbon  monoxide,  hydrogen  sulfide,  radon,  ammonia,  and  vapors 
such  as  boric  acid  and  mercury  are  often  associated,  in  varying  amounts, 
with  steam  from  geothermal  sources.  These  gases  and  vapors  make  up 
generally  less  than  3 percent  of  the  total  steam  fraction.  Examples  of 
the  distribution  of  various  gases  and  vapors  in  the  steam  fraction  from 
several  operating  geothermal  fields  is  presented  in  Table  III-l. 
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Figure  III-4.  Dynamited  well  head  at  Beowawe  field,  north-central  Nevada. 


Table  III-l.  Examples  of  gases  associated  with  various  geothermal 
systems  in  volume  percent 


Geysers 

California 

Larderello  U 
Italy 

Matsukawa  U 
Japan 

Namaf  j all  2/ 
Iceland 

h2o 

98.045 

98.08 

99.87 

99.43 

CO  2 

1.242 

1.786 

0.18 

0.18 

h2 

0.287 

0.037 

0.01 

0.19 

CH4 

0.299 

0.01 

n2 

0.069 

0.0105 

0.05 

A 

0.03 

H2S 

0.033 

0.049 

0.14 

nh3 

0.025 

0.033 

H3PO4 

o;ooi8 

0.0075 

1/  "Vapor-Dominated' Hydrothermal  Systems  Compared  With  Hot  Water 
“ Systems,"  by  D.  White,  L.P.J.  Muffler,  A.  Truesdell 

2/  "The  Geological  Environment  of  Matsukawa  Geothermal  Area,  Japan," 
by  H.  Nakamura,  K.  Surai,  K.  Katagiri,  T.  Iwata 

3/  Calculated  from  "The  Use  of  Natural  Steam  in  Diatomite  Plant," 
by  B.  Lindal. 
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Although  present  in  small  percentages,  some  of  the  noncondensible  gases 
and  vapors  may  pose  possible  pollution  and  health  hazards.  Bleeding 
and  venting  of  steam  wells  will  introduce  these  gases  and  vapors  into 
the  atmosphere  during  and  after  the  production  testing  phase.  Noncon- 
densible gases  also  are  vented  to  the  atmosphere  during  power  generation 
from  the  gas  ejector  vents  on  the  condensers  and  from  the  cooling  towers. 
Release  of  such  gases  can  affect  air  quality  in  the  vicinity  of  the 
powerplant  and,  if  noxious  gases  are  present  in  sufficient  concentrations, 
may  pose  a health  hazard  to  employees  at  the  plant.  The  noxious  gases 
which  may  be  present  and  their  levels  of  toxicity  are  presented  in  Table 
III-2.  Some  noncondensible  gases,  when  mixed  with  oxygen  from  the  cooling 
water  in  the  condensers  may  be  explosive  if  present  in  sufficient 
quantity. 

From  analyses  of  gases  associated  with  various  geothermal  systems  shown 
on  Table  III-l,  and  from  their  toxic  levels  (Table  III-2) , it  is  evident 
that  hydrogen  sulfide  ranks  number  1 as  the  most  prominent  potential 
environmental  hazard,  being  16  times  the  toxic  level  in  undiluted  geo- 
thermal steam  at  The  Geysers  and  25  times  the  toxic  level  in  undiluted 
steam  at  Larderello,  Italy.  Sulphur  compounds  normally  are  present  in 
the  atmosphere  in  variable  quantities,  and  always  are  considered  contami- 
nents,  rather  than  normal  constituants . Both  H2S  and  its  oxidation  (SO2 
and  SO3)  are  temporary  constituents  in  air;  however,  they  are 
all  readily  soluble  in  water  and  are  washed  out  by  rain.  Both  SC>2  and 
SO3  react  with  water  to  form  acid  solutions  and  somewhat  corrosive  rain- 
drops. Because  this  follows  mixing  of  the  steam  with  air,  and  oxidation 
reactions  stimulated  by  sunlight,  any  acid  rain  would  be  very  weak  and 
far  downwind  of  the  geothermal  source.  Measurements  in  England  over  long 
periods  of  time  have  shown  that  the  equivalent  of  over  17  pounds  of  SO3 
are  annually  precipitated  on  each  acre  of  land  from  uncontaminated  atmos- 
phere. 

A much  greater  hazard  would  be  both  the  toxicity  and  nuisance  odor  of  H2S 
which  is  detectable  in  concentrations  as  small  as  .025  ppm  by  its  odor 
of  rotten  eggs.  Normally  H2$  would  mix  with  the  atmosphere,  and  would 
not  tend  to  accumulate  locally  even  though  it  is  slightly  heavier  than 
air.  During  stagnant  air  and  air  inversion  conditions,  H2S  could  accu- 
mulate locally,  from  a geothermal  operation  to  a high  nuisance  level,  and 
perhaps  a mildly  toxic  level. 

On  the  basis  of  volume  percent  in  undisturbed  geothermal  steam,  ammonia 
(NH^)  would  appear  to  present  the  second  greatest  hazard,  being  5 times 
the  toxic  level  in  steam  at  The  Geysers  and  over  6 times  the  toxic  level 
in  steam  at  Larderello.  Ammonia,  however,  is  lighter  than  air  and  is  not 
concentrated  locally.  Ammonia  is  readily  soluble  in  water  (as  in  airborne 
water  droplets)  forming  ammonium  hydroxide  (NH^OH) . It  is  therefore 
rapidly  returned  to  earth  as  rainfall  where  it  readily  is  combined  with 
soil  materials  and  plant  acids,  which  are  beneficial  as  natural  fertili- 
zer. 


III-14 


Table  III-2.  Toxicity  of  noxious  gasses  and  materials  which  may  be 
associated  with  geothermal  steam 


AMMONIA  (NH3) 

Toxic  level  - 50  ppm- -.00 5%  volume 
Odor  and  characteristics  - Pungent 
Absorption  exposure  - Inhalation 

Signs  and  symptions  - Irritation  and  burns  of  skin,  mucous  membranes; 
headache,  salivation,  nausea  and  vomiting;  dyspnea  and  cough,  bronchi- 
tis and  hemoptysis;  pulmonary  edema,  ulceration  of  conjunctiva  and 
cornea,  corneal  and  lenticular  opacities. 

Treatment  - Wash  contaminated  areas  of  body  with  soap  and  water;  use 
oxygen  with  intermittent  positive  pressure  breathing  apparatus; 
bronchodialators  and  decongestants;  codeine  for  cough;  sedation  if 
necessary;  cortisone.  Irrigate  eyes  with  water,  then  instill  olive 
oil . 

Disability  - Usually  not  more  than  72  hours;  damage  to  eyes  may  be 
permanent . 

Preventive  measures  - Adequate  ventilation;  individuals  with  eye 
and  pulmonary  diseases  should  not  be  exposed. 

BORIC  ACID  (H3BO3) 

Toxic  level  - None  established. 

Odor  and  characteristics  - White  crystals. 

Absorption  exposure  - Ingestion  percutaneous  if  skin  is  damaged. 

Signs  and  symptoms  - Irritant,  depressant  for  central  nervous 
system;  nausea,  abdominal  pain,  diarrhea,  weakness,  fever,  rest- 
lessness . 

Treatment  - Wash  contaminated  areas  with  soap  and  water;  irrigate 
eyes  with  water;  gastric  lavage  if  ingested,  followed  by  demulcents. 

Disability  - No  permanent  effects  reported;  no  industrial  disability 
reported . 

Preventive  measures  - Personal  cleanliness. 

CARBON  DIOXIDE  (CO2) 

Toxic  level  - 5000  ppm  of  air  (.5%  volume). 

Odor  and  characteristics  - Odorless,  heavier  than  air,  collects 
in  depressions. 
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Table  III-2  (continued) 


Absorption  exposure  - Inhalation. 

Signs  and  symptoms  - Stimulant  for  central  nervous  system;  headache, 
dizziness,  increased  respiratory  rate,  drowsiness  and  unconsciousness. 

Treatment  - Oxygen  and  artificial  respiration. 

Disability  - No  permanent  effects  reported. 

Preventive  measures  - Adequate  ventilation. 

CARBON  MONOXIDE  (CO) 

Toxic  level  - 100  ppm  (.010%  volume). 

Odor  and  characteristics  - Odorless. 

Absorption  exposure  - Inhalation. 

Pathology  - forms  carboxyhemoglobin  in  blood  and  thus  tissue  anoxia. 

Signs  and  symptons  - Carboxyhemoglobin  below  10%:  None.  Carboxy- 
hemoglobin 10-30%:  headache,  drowsiness,  faintness,  nausea  and 

vomiting,  increased  respiratory  rate,  increased  pulse  rate.  Carboxy- 
hemoglobin 30-40%:  all  same  symptoms,  plus  dimness  of  vision, 

decreased  blood  pressure,  muscular  incoordination.  Carbohyhemoglobin 

40-60/o;  Carboxyhemoglobin  60/o  and  over:  unconsciousness,  convulsions 

death.  * 


Effect 

Sub jefct 

Single 

Concentration 

Average 

Concentration 

Time  of 
Average 

Epidemiological 

significance 

human 

30  ppm 

— a 

8 hours 

Discomfort 

human 

900  ppm 

900  ppm 

1 hour 

human 

100  ppm 

100  ppm 

9 hours 

Severe  distress 

human 

100  ppm 

100  ppm 

15  hours 

Lethal 

human 

4000  ppm 

less  than 
1 hour 

Treatment  - Oxygen  and  artificial  respiration.  Symptomatic  and 
supportive;  watchfull  observation  for  24  hours  of  all  patients 
that  have  Peen  unconsciouss . 


Disability  - Bronchopneumonia  may  follow  severe  intoxication;  dis- 
orientation, loss  of  memory  and  emotional  instability  may  persist 
for  several  weeks.  Permanent  disability  is  rare  and  has  not  been 
reported  in  patients  that  were  unconscious  for  less  than  three  hours. 
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Table  III-2  (continued) 


Preventive  measures  - Adequate  ventilation;  chemical  cartridge 
or  airline  respirator;  periodic  examinations  of  atmosphere  where 
carbon  monoxide  is  known  to  exist. 

HYDROGEN  SULFIDE  (H2S) 

Toxic  level  - 20  ppm  of  air  - .002%  volume. 

Ordor  and  characteristics  - Rotten  eggs,  flammable;  detectable  in 
concentrations  of  .025  ppm  by  odor. 

Absorption  - Inhalation 

Signs  and  symptoms  - Pathology:  irritant,  respiratory  paralysis. 

Local:  conjunctivitis  and  keratitis--"spimmer ' s eye"  skin  burns. 

Respiratory:  rhinitis  and  olfactory  fatigue,  pharyngitis,  bhron- 

chitis,  pneumonia,  pulmonary  edema  (may  be  delayed  several  days). 
Systemic:  headache,  dizziness,  anoxeria,  nausea,  vomiting, 

diarrhea,  irritability  and  insomnia,  ataxia  and  hyperref lexia, 
tremors  and  numbness  of  extremities,  convulsions,  unconsciousness 
and  shock. 


Effect 

Subject 

Single 

Concentration 

Average 

Concentration 

Time  of 
Average 

Other 

Odor 

man 

0.025  ppm 

0.3  ppm 

Central  nervous 
system 

man 

0 . 1 ppm 

1 hour 

Pulmonary  function  man 

250-600  ppm 

Prolong 

exposur 

Mucosa 

man 

50-300  ppm 

Pathological 

man 

100  ppm 

2-15 

minutes 

loss  oi 
smell 

Lethal 

man 

400-700  ppm 

%-l  hour 

Plants  Markings  occur  between  the  veining  network  on  broad- 

leaved weeds.  On  narrow-leaved  weeds  a general 
powdery  appearance  of  the  leaf  occurs  between  the 
tip  and  the  bend.  The  color  of  the  markings  is 
usually  white  to  tan.  The  youngest  leaves  always 
show  the  greatest  amount  of  marking.  Very  often 
the  growing  point  is  killed. 

Treatment  - Irrigate  eyes  with  water,  then  instill  olive  oil.  Wash 
contaminated  areas  of  body  with  soap  and  water.  Give  oxygen  and 
artificial  respiration;  sedation,  but  avoid  respiratory  depres- 
sants; symptomatic  and  supportive. 
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Table  III-2  (continued) 


Disability  - Usually  not  more  than  several  days.  Cerebral  damage 
can  be  permanent. 

Preventive  measures  - Adequate  ventilation,  chemical  goggles, 
chemical  cartridge  respirator,  rubber  gloves.  Preclude  from 
exposure  those  individuals  with  diseases  of  respiratory  tract 
and  central  nervous  system. 

MERCURY 

Toxic  level  - 0.1  mg/cu  m of  air;  12.2  ppb. 

Apsorbtion  - Inhalation,  ingestion,  percutaneous. 

Signs  and  symptoms  - Pathology:  Inhibition  of  cellular  enzymes 

via  combination  with  sylfhydryl  groups.  Necrosis  of  gastro- 
intestinal mucosa.  Necrosis  of  glomeruli  and  tubules.  Cloudy 
swelling  of  liver.  Erosive  bronchitis  and  pneumonitis.  Cerebral 
and  cerebellar  atrophy.  Acute  Ingestion:  Burning  in  mouth  and 

throat,  thirst,  shock,  cardiac  arrhythmias,  nausea,  vomiting, 
abdominal  pain,  bloddy  diarrhea,  oliguria,  hematuria,  albuminuria 
casts.  Inhalation:  Stomatitis,  salivation,  metallic  taste, 

abdominal  cramps  and  diarrhea,  dyspnea,  cough,  fever,  restlesness, 
bronchitis  and  pneumonitis.  Chronic:  Central  nervous  system: 

Headache,  vertigo,  vasomotor  disturbances,  restlessness  and  ir- 
ritability, insomnia,  peripheral  neuritis,  ataxia,  increase  in 
deep  tendon  reflexes,  tremors;  Static,  intention,  gross. 
Gastrointestinal:  Increased  salivation,  stomatitis,  gingivitis 

with  blue  line,  anorexia,  nausea,  vomiting,  diarrhea,  occasionally 
damage  to  liver.  Chronic  Genitourinary:  Proteinuria,  hematuria, 

anuria.  Respiratory:  Rhinitis,  anosmia,  cough,  fever. 

Effect Sub  lect Average  Concentration  Time  of  Average 

Severe  distress  rabbit  28.6  mg/m3  4 hours 

Acute  illness  man  1.2-8. 5 mg/m3 

Disability  - The  more  severe  the  intoxication,  the  greater  the 
likelihood  of  permanent  impairment. 

Preventive  Measures  - Adequate  ventilation.  Air  must  be  sampled 
frequently  if  high  levels  of  mercury  are  present.  Physical  examina- 
tions of  exposed  personnel  at  intervals  determined  by  the  degree  of 
exposure  to  include  determinations  of  mercury  in  urine  as  well  as 
neurologic  evaluations.  Preclude  from  exposure  those  individuals 
with  diseases  of  liver,  kidneys,  lungs  and  nerves. 
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Table  III-2  (continued) 


METHANE  (Marsh  gas)  (CH4) 

Toxic  level  - 10,000  ppm  of  air  (suggested). 

Odor  and  characteristics  - Colorless,  gaseous  hydrocarbon. 
Absorption  - Inhalation. 

Signs  and  symptoms  - Dyspnea,  unconsciousness. 

Treatment  - Oxygen  and  respiration. 

Disability  - no  permanent  effects  reported. 

Preventive  measures  - Adequate  ventilation,  airline  respirator, 
if  necessary. 

Source:  Handbook  of  Industrial  Toxicology;  Handbook  of  Analytical 

Toxicology. 
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Carbon  dioxide  in  undiluted  geothermal  steam  is  present  in  quantities  of 
over  twice  its  toxic  level.  The  normal  atmospheric  concentration  of  CO2 
is  about  300  ppm,  and  because  of  its  greater  density  than  air  it  will 
accumulate  in  terrain  depressions.  Normally,  CO2  in  geothermal  steam 
would  not  present  a danger,  as  the  noncondensable  gas  fraction  vented  into 
the  atmosphere  would  act  as  a single  gas  and  component  separation  would 
not  take  place.  Adequate  ventilation  will  prevent  any  danger  from  this  gas. 

Methane  (CH, ) is  a natural  product  of  organic  decay.  It  is  present  at  about 
one  fifth  tne  toxic  level  in  The  Geysers  steam  and  normally  could  not  col- 
lect to  toxic  concentrations,  since  it  is  lighter  than  air.  Although 
methane  is  a fairly  stable  molecule  it  is  oxidized  in  the  upper  atmosphere 
to  carbon  dioxide  and  water,  and  thus  normally  would  present  no  health  and 
safety  hazard. 

Boric  acid  is  present  throughout  the  natural  environment  and  comprises  about 
.026%  of  the  volume  of  sea  water,  a slightly  higher  concentration  than 
boric  acid  in  the  geothermal  steam  at  The  Geysers,  but  less  than  that 
found  in  the  steam  at  Larderello,  Italy.  Boric  acid  is  found  in  higher  con- 
centrations in  some  hot  springs  and  has  been  extracted  commercially  from 
hot  springs  in  Italy  and  other  areas.  Boric  acid  or  related  compounds  of 
boron  are  extracted  commercially  from  bedded  arid  lake  deposits,  and  from 
saline  lake  brines  in  San  Bernadino  County,  California.  It  is  doubtful 
that  this  compound  would  present  a health  or  safety  problem  at  a geo- 
thermal area  if  geothermal  brines  are  disposed  of  properly. 

Mercury  is  a known  constituant  of  some  geothermal  fluids  and  may  be  present 
in  sufficient  quantities  to  pose  a health  hazard  at  some  locations.  High 
concentrations  of  mercury  have  been  found  in  areas  of  hot  springs,  mud 
volcanoes,  and  in  brines  from  a petroleum  field  in  California  (Tables 
III-3,  III-4,  III-5) , although  recent  work  by  Barnes  and  others,  (1973), 
has  indicated  that  mercury  deposits  in  northern  California  could  not  have 
originated  by  deposition  of  mercury  from  present  thermal  waters. 

The  compounds  of  mercury,  like  many  other  chemical  compounds, are  dispersed 
throughout  rocks,  soil,  air,  water,  and  living  organisms  by  a complex 
system  of  physical,  chemical,  and  biological  controls.  Mercury  content 
of  broad  catagories  of  rocks  in  the  earth's  crust  range  from  10  to  20,000 
ppb  (parts  per  billion).  The  basic  sources  of  mercury, igneous  rocks, 
generally  contain  less  than  200  ppb  and  average  100  ppb.  Sedimentary 
rocks  generally  average  less  than  100  ppb  of  mercury  and  seldom  exceed  200 
ppb  except  for  certain  organic  rich  shales  which  may  reach  concentrations 
of  10,000  ppb  and  more.  Soils  average  about  100  ppb  mercury. 

Because  of  mercury's  tendency  to  vaporize,  the  atmosphere  near  ore  deposits 
may  contain  as  much  as  .02  mg/nr  (2.4  ppb)  mercury,  however,  this  vapor  is 
generally  washed  from  the  atmosphere  by  rain.  The  mercury  content  of 
rainwater  averages  0.2  ppb.  The  mercury  deposited  by  rain  water  and 
mercury  from  other  sources  generally  is  held  tightly  in  organic  and  inor- 
ganic materials  in  the  upper  2 inches  of  soils.  Mercury  apparently  is 
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Table  III-3.  Mercury  content  of  filtered  water  samples  from  various 
western  States 

Mercury 

Site  (ppb) * 


California 

Hot  Spring  on  Little  Hot  Creek,  Long  Valley 

NW  1/4  Sec.  13,  T.  3S,  R.  28E  <0.1 

Magma-Ritchie  Well  No.  5,  Long  Valley 

NW  1/4  Sec.  32,  T.  3S,  R.  28E  0.1 

Hot  Spring,  Long  Valley  NE  1/4  Sec.  31,  T.  3S,  R.  29E  0.1 

Big  Springs,  Long  Valley  NW  1/4  Sec.  25,  T.  2S,  R.  27E  <0.1 

Hot  Spring,  Long  Valley  S Center  1/4  Sec.  21,  T.  3S,  R.  29E  <0.1 

Hot  Spring,  Long  Valley  E Center  1/4  Sec.  28,  T.  3S,  R.  29E  <0.1 

Artesian  Well,  Long  Valley  NW  1/4  Sec.  13,  T.  3S,  R.  29E  0.1 

Hot  Spring,  Long  Valley  S Center  1/4  Sec.  34,  T.  3S,  R.  29E  <0.1 
Hot  Spring  N.  of  Fish  Hatchery  NW  1/4  Sec.  35,  T.  3S,  R.  28E  0.3 

Nevada 

Bog  Ranch  Hot  Spring  NW  1/4  Sec.  18,  T.  46N,  R.  28E  0.1 

Dyke  Hot  Spring  SE  1/4  Sec.  25,  T.  43N,  R.  30E  0.8 

Well  near  Baltazor  Hot  Spring  NW  1/4  Sec.  13,  T.  46N,  R.  28E  1.3 

Hot  Spring  in  Golconda  SE  1/4  Sec.  29,  T.  36N,  R.  40E  0.1 

Leach  Hot  Spring  SE  1/4  Sec.  36,  T.  32N,  R.  38E  0.6 

Great  Boiling  Spring,  Gerlach  NW  1/4  Sec.  15,  T.  32N,  R.  23E<0.1 
Geysering  Well  N.  of  Gerlach  40°  52'. N,  119°  20'  W <0.1 

Double  Hot  Spring  NW  1/4  Sec.  4,  T.  36N,  R.  26E  0.4 

Soldier’s  Meadow  Sec.  23,  T.  40N,  R.  24E  <0.1 

Geyaering  Well  NW  end  of  Pyramid  Lake  T.  26N,  R.  20E  <0.1 

West  Pinto  Spring  T.  40N,  R.  28E  0.6 

East  Pinto  Spring,  T.  40N,  R.  28E  4.0 

Golconda  Tungsten  Mine  Pit  NW  1/4  Sec.  1,  T.  35N,  R.  40E  0.8 

Jersey  Valley  SW  1/4  Sec.  28,  T.  27N,  R.  40E  • <0,1 

Buffalo  Valley  SE  1/4  Sec.  23,  T.  29N,  R.  41E  <0.1 

Hot  Spring  Point  NE  1/4  Sec.  11,  T.  29N,  R.  48E  <0.1 

Beowawe  Hot  Spring  SE  1/4  Sec.  8,  T.  31N,  R.  48E  1.7 

Walti  Hot  Spring  NW  1/4,  SW  1/4,  Sec.  33,  T.  24N,  R.  48E  <0.1 

Darrough  Hot  Spring  Steam  Well  NW  1/4  Sec.  17,  T.  11N,  R.43E  0.1 

Darrough  Hot  Spring  NW  1/4  Sec.  17,  T.  11N,  R.  43E  0.4 

Diana’s  Punch  Bowl  SE  1/4  Sec.  22,  T.  14N,  R.  47E  < 0.1 

Boil  in  Stream  near  Diana’s  Punch  Bowl 

SE  1/4  Sec.  22,  T.  14N,  R.  47E  <0.1 

Spring  at  base  of  Diana's  Punch  Bowl 

SE  1/4  Sec.  22,  T.  14N,  R.  47E  <0.1 

Potts  Ranch  Hot  Spring  NE  1/4  Sec.  2,  T.  14N,  R.  47E  < 0.1 

Lee  Hot  Spring  NE  1/4  Sec.  34,  T.  16N,  R.  29E  < 0.1 
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Table  III-3. (continued) 

Mercury 

Site  (ppb) * 


Oregon 

Barry  Ranch  Hot  Spring  SE  1/4  Sec.  27,  T.  39S,  R.  20E  1.7 

Fisher  Hot  Spring  NW  1/4  Sec.  10,  T.  38S,  R.  45E  0.1 

Crump  Spring  Sec.  27,  T.  38S,  R.  24E  0.4 

Hunter's  Hot  Spring  Sec.  4,  T.  39S,  R.  20E  0.3 

Belknap  Spring  NE  1/4  Sec.  11,  T.  16S,  R.  6E  0.1 

Breitenbush  Hot  Spring  Sec.  20,  T.  9S,  R.  7E  0.2 

Austin  Hot  Spring  Sec.  30,  T.  6S,  R.  7E  0.2 

Weberg  Spring  Sec.  18,  T.  26E,  R.  18S  0.3 

Crane  Hot  Spring  SW  1/4  Sec.  34,  T.  24S,  R.  33E  0.5 

Unnamed  Hot  Spring,  Harney  Co.  , Sec.  36,  T.  27S,  R.  29  1/2  E 0.1 
Hot  Spring  N.  of  McDermitt  Drv.  35,  T.  40S,  R.  42E  0.1 

Mitchell  Butte  Hot  Spring  NE  1/4  Sec.  12,  T.  21S,  R.  45E  0.1 

Neal  Hot  Springs  NW  1/4  Sec.  9,  T.  18S,  R.  43E  0.1 

Radium  Hot  Spring  Sec.  28,  T.  7S,  R.  30E  0.5 

Hot  Lake  Sec.  5,  T.  4S,  R.  39E  3.2 

Lehman's  Hot  Spring  Sec.  1,  T.  5S,  R.  33E  0.3 

Blue  Mt.  Hot  Spring  Sec.  13,  T.  14S,  R.  34E  0.4 

Beulah  Hot  Spring  SE  1/4  Sec.  2,  T.  19S,  R.  37E  0.1 

Spring  S.  of  Riverside,  Ore.  Sec.  20,  T.  24S,  R.  37E  0.1 

Mickey's  Hot  Spring  Sec.  13,  T.  33S,  R.  35E  0.1 

Alvord  Hot  Spring  Sec.  33,  T.  34S,  R.  34E  <0.1 

Hot  Spring  (Lake)  S.  of  Alvord  Lake  Sec.  15,  T.  37S,  R.  33E  0.4 

Idaho 

Bridge  Hot  Spring  NW  1/4  Sec.  23,  T.  15S,  R.  26E  <0.1 

Hot  Well  near  Bridge,  Idaho  SE  1/4  Sec.  23,  T.  15S,  R.  26E  <0.1 


*(ppb)  parts  per  billion 
Source:  U.S.  Geological  Survey 
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Table  III-4.  Mercury  analyses  of  selected  thermal  and  mineral  waters 
and  their  deposits,  Northern  California  mercury  district 

[Detection  limit,  0.01  part  per  billion.  N.d.,  not  detected.  Analyses  by  M.E.  Hinkle] 


Sample 

County 

Mercury 

concentration  (in  ppb) 

Condensates , 

condenser  coil  packed 

in  ice 

McKinley  well  1-- 
McKinley  well  3-- 

■ 3.0 

1.0 

Waters  of  low  to  moderate  salinity,  T < 40°C 


Allen  Spring Lake N.d. 

Bartlet  Spring --do N.d. 

Spring  east  of  Alice  mine Colusa N.d, 


Waters  of  high  salinity,  T < 40°C 


Grizzly  Spring 

Abbott  Mine  water 

Dead  Shot  Spring 

Wilbur  oil  test  well 

Salt  spring  north  of  Wilbur  Springs 

Complexion  Spring 

Salt  Spring  north  of  Stonyford 

Redeye  Spring  (Fouts  Springs) 


Lake N.d. 

--do 1.0 

Colusa N.d. 

--do 0.2 

--do .1 

Lake 1.5 

Glenn N.d. 

Colusa N.d. 


Waters  of  low  salinity,  T > 40°C 


Castle  Rock  Spring Lake N.d. 

Anderson  Spring — --do N.d. 

Seigler  Spring --do N.d. 


Waters  of  moderate  to  high  salinity,  T > 40°c 


Sulfur  Bank 

Wilbur  Springs 

Solids 


Lake 1.5 

Colusa 1.5 


Sulfur  floating  on  Wilbur  Springs Colusa 30,000 

Magnesia-silica  gel  from  Complexion 

Spring Lake 800 

Silica-magnesia  gel  from  Aqua  de  Ney Siskiyou 500 
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Table  III-5.  Mercury  concentrations  in  thermal  waters  from  Yellowstone 
National  Park 

[Detection  limit,  0.01  part  per  billion;  N.d.,  not  detected.  Analyses  by  M.  E.  Hinkle) 


Sample 


Ojo  Caliente 

Ear  Spring  

Bonita  Spring 

Chinaman  Spring 

Steady  Geyser 

Snort  Spring 

Beryl  Spring 

Little  Whirligig  Spring 

Cinder  Pool 

Spring,  base  of  Porcelain  Terrace 

Echinus  Geyser 

Cistern  Spring 

Primrose  Spring 

Sulfur  Pool 

Green  Spring 

Blue  Spring 

New  Highland  Terrace 


Location 


Midway  Basin 

--do 

--do 

--do 

Lower  Basin 

Porcupine  Hills- 

Gibbon  Canyon 

Norris  Basin 

--do 

--do 

--do 

--do 

Sylvan  Spring  area-- 

- -do 

--do 

--do 

Mammoth  Spring 


Mercury 

concentration  (in  ppb) 

0.14 

.22 

.07 

.10 

.07 

.10 

.18 

.07 

.28 

.10 

.11 

.08 

.31 

.27 

.20 

.20 

.05 


Mercury  concentrations  from  analyses  of  petroleum  from  the 
Wilbur  Springs  area,  Northern  California 

[Detection  limit,  0.01  part  per  billion.  Analyses  by  M.E.  Hinkle] 


Sample 

County 

Mercury 

concentration  (in  ppb) 

Tarry  petroleum,  Abbott  mine 

Petroleum,  Wilbur  oil  test  well 

500,000 

1,000 

Mercury  in  the  Environment,  U.S.  Geological  Survey  Professional  Paper  713,  1970 
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removed  from  surface  waters  in  large  part  by  absorption  on  clays  and  on 
hydrous  oxides  of  iron  and  manganese,  and  also  by  algae  and  plankton. 

Also,  the  presence  of  sulfide  and  reducing  conditions  will  concentrate 
mercury  in  the  sediments. 

Higher  concentrations  of  mercury  are  likely  to  occur  in  underground  waters 
because  of  longer  and  more  intimate  contact  of  water  with  mineral  grains, 
and  other  factors.  Limited  sampling  of  oil  field  brines  and  petroleum 
from  California  (Table  III-5)  showed  them  to  contain  from  1,000  to 
500,000  ppb  mercury.  Hot  springs  (Tables  III-3,  III-4,  III-5)  range 
generally  from  undetectable  levels  of  mercury  to  3.2  ppb,  however,-  one 
measurement  of  20  ppb  has  been  recorded.  Vapors  issuing  from  fumeroles 
and  steam  condensates  from  hot  springs  have  been  shown  to  contain  up  to 
130  ppb  mercury.  Condensable  steam  from  the  McKinley  steam  field  at 
Castle  Rock  Spring,  Lake  County,  California,  near  The  Geysers  steam  field, 
contains  from  1 to  3 ppb  mercury.  This  is  below  the  maximum  level  of  mer- 
cury considered  safe  for  drinking  water  which  has  been  proposed  by  the 
U.S.  Public  Health  Service  at  5.0  ppb. 

Thermal  springs  of  Yellowstone  Park  (Table  III-5)  have  low  levels  of  mer- 
cury, yet  buildups  of  from  51, '000  to  500,000  ppb  have  been  measured  in  ele- 
mental sulfur  and  in  fine  grained  muds  associated  with  springs  and  fumeroles 
in  the  Park.  These  values  represent  concentrations  precipitated  from  low 
mercury  waters  by  the  sulfur.  Sulfur  precipitated  from  condensed  steam  of 
PG&E  power  plant  No.  2,  The  Geysers,  California,  contained  5,000  ppb 
mercury.  Large  mercury  anomalies  have  also  been  found  around  the  Italian 
geothermal  steam  fields  of  Larderello  and  Monte  Amiata  where  more  than 
50  percent  of  stream  sediment  analyses  ranged  from  200  to  50,000  ppb  in 
mercury.  These  anomalous  levels  are  thought  to  be  caused  by  the  mercury 
vapors  in  geotheraml  steam,  as  they  cannot  be  traced  to  mercury  deposits. 

Solute  mercury  introduced  into  the  ground  environment  by  rainfall  is  quickly 
transformed  to  the  particulate  form  by  reduction  to  metallic  mercury,  by 
sorption  on  to  inorganic  sorbates,  by  complexation  with  nonviable  parti- 
culate organics  and  by  sorption  and  ingestion  by  viable  biota.  Under  nor- 
mal conditions  mercury  can  be  present  in  one  or  more  of  three  different 
oxidation  states.  In  several  of  these  states,  bonding  is  stronger  than 
solubility  with  water,  and  thus  mercury  that  enters  reduced  sediments  can 
become  relatively  immoble,  as  long  as  certain  conditions  prevail.  Most 
mercury  species  are  more  soluble  in  organic  solvents  than  in  water,  however, 
and  the  methyl  ion,  HgCH^+  has  been  cited  as  the  most  important  form  found 
in  fish  and  various  other  food  products  of  animal  origin. 

Although  mercury  is  not  considered  as  essential  food  material  for  organisms, 
methyl  mercury,  being  soluble  in  water,  is  available  for  incorporation  into 
the  body  tissues  of  organisms  in  the  aquatic  environment  and  secondarily 
into  terrestrial  predators,  such  as  man.  The  concentration  of  mercury  by 
living  things  may  accumulate  by  way  of  the  food  chain,  or  by  direct  as- 
similation from  the  surrounding  medium.  In  any  event,  if  it  accumulates 
in  sufficient  concentration  in  living  tissue,  it  can  become  extremely 
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toxic  (Table  III-2) . Aquatic  organisms,  as  well  as  man,  will  concentrate 
mercury  within  their  bodies  only  when  the  intake  rate  exceeds  the  elimina- 
tion rate.  This  will  result  in  a buildup  with  time  to  the  extent  that 
accumulated  mercury  can  become  toxic  and,  eventually,  lethal  (Table  III-6) * 

The  toxic  effect  of  waterborne  mercury  was  vividly  emphasized  during  the 
early  1950's  when  about  50  persons  of  more  than  100  affected  in  Japan  died 
from  cumulative  effects  of  eating  fish  and  shellfish  highly  contaminated 
by  methyl  mercury  that  had  been  introduced  into  Minamata  Bay  from  waste 
effluents  from  a plastics  factory.  Mercury  contamination  of  fish  has 
been  reported  in  Sweden,  from  Lake  St.  Claire  in  the  United  States,  and 
from  other  areas.  High  mercury  levels  originating  from  natural  sources 
have  been  shown  in  fish  by  analyses  of  specimens  which  were  preserved  be- 
fore the  possibility  of  industrial  contamination. 

As  a result  of  the  Japanese  and  other  experiences,  a tentative  upper  limit 
of  5.0  ppb  of  mercury  in  drinking  water  has  been  proposed  by  the  U.S. 

Public  Health  Service.  This  maximum  is  thought  to  be  safe  for  human  health 
when  total  probable  mercury  intake  rates  of  physiological  processes,  and 
excretion  rates  are  taken  into  account.  The  Food  and  Drug  Administration 
has  declared  that  fish  and  other  foods  that  contain  more  than  500  ppb  mer- 
cury are  unfit  for  human  consumption. 

During  production  testing, considerable  monitoring  and  analytical  work  will 
be  necessary  and  required  to  determine  the  quantity  of  mercury  vapor  and 
other  potentially  toxic  substances  present  in  geothermal  fluids  at  each 
field,  to  evaluate  the  potential  hazard  which  its  presence  may  create, 
and  to  establish  the  control  measures  to  be  imposed  to  assure  meeting 
environmental  and  public  health  and  safety  requirements. 

Radium  and  radon  are  known  to  be  associated  with  certain  geothermal  mani- 
festations, particularly  hot  springs.  The  concentration  of  radium  in 
natural  waters  generally  is  below  10~9  Mc/ml  (micro  curie  per  milliliter), 
but  concentrations  exceeding  9x10“^  Mc/ml  have  been  reported  for  certain 
thermal  springs  in  the  United  States  and  still  higher  concentrations  have 
been  reported  for  waters  in  other  countries.  Maximum  permissible  concen- 
trations in  drinking  water  for  occupational  exposure  has  been  set  by  the 
International  Commission  on  Radiological  Protection  (National  Bureau  of 
Standards,  Handbook  69)  as  2X10-^  MC/iiil.  Radium  precipitates  from  solutions 
under  oxidizing  conditions  with  carbonates,  iron,  and  perhaps  silicates,  and 
if  present  in  hot-water  geothermal  systems  may  accumulate  in  the  scale  that 
builds  up  in  wells  and  pipelines.  Ordinarily,  it  is  very  doubtful  that  a 
buildup  of  radium  in  scale  would  be  greater  than  that  associated  with  na- 
tural tufas  and  sinters  around  hot  springs  and  geysers,  however  its  pre- 
sence in  pipeline  scale  could  concievably  pose  a health  and  safety  hazard 
around  steam  transmission  pipes  and  powerplants  after  several  years  of 
operation. 

Radon,  a gaseous  radioactive  decay  product  of  uranium,  has  a halflife  of 
3.82  days  and,  being  gaseous,  will  escape  into  the  atmosphere  through  any 
natural  or  artificial  opening.  A small  amount  of  radon  would  be  a com- 
ponent of  the  noncondensible  gas  fraction  of  the  steam;  however,  it 
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MERCURY  IN  THE  ENVIRONMENT 


Table  III- 6.  Lethal  concentrations  of  mercury  compounds  for  various 
aquatic  organisms  and  man 


Organism 

Lethal 

concern  ratio 
(PPb) 

Mercury  compound 

Aquatic 

organism 

Bacteria: 

Escherichia  coli 

200 

Mercuric  chloride. 

200 

Mercuric  cyanide. 

300 

Ethylmercuric  bromide. 

300 

Phenylmer curie  chloride 

Phytoplankton : 

300 

Ethylmercuric  oxalate. 

Marine  mixture 

60 

Ethyl  mercury  phosphate 

Scenedesmus 

30 

Mercuric  chloride. 

150 

Mercuric  cyanide. 

Protozoa: 

Microregma 

150 

Mercuric  chloride. 

160 

Mercuric  cyanide. 

Zooplankton: 

Daphnia  pulex 

5 

Phenyimer curie  acetate. 

Daphnia  magna 

20 

Mercuric  cyanide. 

6 

Mercuric  chloride. 

Amphipod : 

Marinogammarus  marinus 

100 

Mercuric  chloride. 

Isopod : 

Mesospheroma  oregonensis 

15 

Mercuric  nitrate. 

Flatworm: 

Polycelis  nigra 

270 

Mercuric  chloride. 

Polychaete; 

Mercierella  enigmatica 

1,000 

Mercuric  nitrate 

Mollusca : 

Bivalve  larvae 

27 

Mercuric  chloride. 

Australorbis  glabratus 

1,000 

Do . 

Fish: 

Stickleback 

20 

Mercuric  nitrate. 

4-020 

Mercuric  chloride. 

Guppy 

20 

Mercuric  nitrate. 

20 

Mercuric  chloride. 

Shiner 

800 

Ethyl  mercury  phosphate 

Eel 

27 

Mercuric  chloride 

Channel  catfish 

580 

Fhenylmercuric  acetate. 

1,300 

Ethyl  mercury  phosphate 

Rainbow  trout 

2,000 

Pyridylmercuric  acetate 

9,200 

Mercuric  chloride. 

Salmon 

20 

Phenylmercuric  acetate. 

50 

Mercuric  acetate. 

Man 


Adult,  death  l.Ogram  Mercuric  chloride. 

Adult,  chronic  illness . 1 gram 
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ordinarily  would  pose  no  health  and  safety  hazard  as  it  would  be  dispersed 
into  the  atmosphere  with  a very  short  halflife.  About  122  tons  of  radon 
gas  escape  to  the  atmosphere  daily  on  a worldwide  basis  from  natural  sources, 
and  buildups  of  radon  gas  are  quite  common  where  it  becomes  trapped  beneath 
air  inversion  layers  in  the  atmosphere.  If  inversion  conditions  were  prev- 
alent for  an  extended  period  of  time  over  a geothermal  area,  the  resultant 
buildup  of  radon  gas  would  add  only  slightly  to  man's  total  radiological 
burden  from  other  natural  sources  such  as  rocks  and  soils.  However,  mon- 
itoring will  be  required  at  each  lease  site  to  assure  public  health  and 
safety  protection. 

Any  accidental  discharge  of  steam  due  to  the  rupture  of  pipelines  or  a 
well  blowout  will  yield  gases  and  vapors  to  the  atmosphere.  The  quantity 
of  noncondensible  gases  and  vapors  released  by  such  an  accident  may  be 
no  greater  than  if  the  steam  were  passed  through  a powerplant  and  the  gases 
released  to  the  atmosphere  through  cooling  towers  and  gas  ejector  vents. 

Gas  extraction  process  installed  at  powerplants  could  concentrate  gases  and 
vapors  which  if  accidentally  discharged  could  increase  the  concentration  of 
pollutants  to  the  atmosphere. 

In  addition  to  considering  the  impact  of  each  individual  source  of  air  * 
pollution,  the  total  impact  of  geothermal  development  on  the  local  airshed 
must  be  evaluated.  Some  sources  of  pollution  may  be  satisfactorily  con- 
trolled voluntarily  through  existing  technology  while  others  may  have  to 
be  subject  to  strict  regulatory  standards  and  control.  The  total  air 
pollution  load  possible  from  geothermal  development  may  in  some  cases  make 
geothermal  development  incompatible  with  surrounding  land  uses,  thereby 
precluding  resource  development  and  use  in  such  areas. 

Open  burning  of  trash  and  wastes,  including  brush  from  land  clearing 
operations,  on  geothermal  leases  could  contribute  pollutants  and  particu- 
late matter  to  the  atmosphere  with  resultant  degradation  of  local  air 
quality.  Accidental  brush  or  forest  fires  would  contribute  to  air  pol- 
lution and  may  endanger  wildlife,  structures,  and  human  life. 

The  noise  level  for  any  geothermal  lease  area  can  be  expected  to  increase 
as  a result  of  the  various  phases  of  geothermal  activity.  Movement  of 
trucks  and  other  vehicles,  drilling  of  wells,  venting  of  steam,  and  other 
ancillary  sound  sources  all  tend  to  raise  the  background  noise  level.  In 
particular,  the  drilling  of  wells  with  associated  sounds  from  power  sources, 
racking  of  drill  pipe,  and  venting  of  compressed  air  and  cuttings  during 
dry  drilling  phases,  and  the  venting  of  steam  wells  after  completion  are 
principal  sources  of  noise.  Excessive  noise  levels  can  pose  a health  and 
safety  hazard  to  employees,  are  objectionable  to  residents  or  visitors  to 
the  area,  and  may  disturb  wildlife  distribution  and  breeding  patterns. 

A simplified  comparative  analysis  of  noise  levels  generated  at  The  Geysers 
field  and  from  other  sources  is  presented  in  Table  III- 7.  Noise  measure- 
ments from  both  vapor  and  liquid  dominated  geothermal  fields  of  other 
countries  have  not  been  made  or  are  not  available  in  the  literature. 

Noise  levels  for  other  geothermal  fields  may  not  be  of  a similar  magnitude 
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Table  III-7. 


Comparison  of  noise  levels  between  The  Geysers  geothermal 
area  and  other  noise  sources 


Source 

Level 

Distance 

The  Geysers  area 

Drilling  operation  (air) 

126  dB(A) 

25  feet 

Drilling  operation  (air) 

55  dB(A) 

1,500  feet 

Muffled  testing  well 

100  dB(A) 

25  feet 

Muffled  testing  well 

65  dB(A) 

1,500  feet 

Steam  line  vent 

100  dB(A) 

50  feet 

Steam  line  vent 

90  dB(A) 

250  feet 

Comparative  levels 

Jet  aircraft  takeoff 

125  dB(A) 

200  feet 

Threshold  of  pain 

120  dB (A) 

Unmuffled  diesel  truck 

100  dB(A) 

50  feet 

Street  corner  in  a large  city 

75  dB(A) 

Residential  area  at  night 

40  dB(A) 

dB(A)  decibel  value  measured  using  the  A weighting  network  of 
a standardized  sound  level  meter. 
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to  those  at  The  Geysers.  Measurements  of  noise  levels  will  be  necessary 
at  all  geothermal  developments  to  determine  the  potential  objectionability 
to  residents  and  the  health  and  safety  danger  due  to  noise  emissions.  Such 
measurements  will  provide  the  basis  for  leasing,  operational,  and  control 
decisions . 

Noise  may  have  an  effect  on  the  wildlife  community  surrounding  geothermal 
leases.-  Noise  may  drive  some  species  from  the  area,  may  disturb  normal 
predator-prey  relationships,  or  may  affect  mating  and  rearing  habits. 
Although  it  is  presumed  that  noise  may  have  adverse  impacts  on  wildlife, 
such  impacts  have  not  been  adequately  documented  at  the  present  time. 

The  influence  of  noise  on  endangered  or  rare  species  and  on  critical 
breeding  or  nesting  grounds  will  be  considered  prior  to  leasing  of  lands 
for  geothermal  development. 

Test  drilling  and  production  testing  of  geothermal  steam  resources  could 
have  varied  impacts  upon  fish  and  wildlife,  not  all  of  which  are  completely 
understood.  Most  of  these  impacts  would  occur  on  or  adjacent  to  well  sites, 
although  water  quality  impacts  could  potentially  have  farther-reaching  in-  • 
fluences.  The  magnitude  of  particular  impacts  would  depend  upon  the  exten- 
siveness and  duration  of  geothermal  development  activities  and  operations 
and  the  effectiveness  of  impact  control  measures. 

As  a specific  development  proceeds  through  test  drilling  and  production 
testing,  physical  land  modification  and  commotion  could  occur.  These 
activities  include  such  things  as  construction  of  roads,  ponds,  and  drill 
sites  and  drilling  of  wells,  which  could  result  in  loss  of  wildlife  values, 
including  both  habitat  and  recreational  use  of  wildlife  within  the  area  of 
influence.  Such  modifications  would  physically  alter  or  remove  existing 
wildlife  habitat  and  the  permanence  of  these  effects  would  be  dependent 
upon  the  nature  of  the  particular  construction  or  operational  activity. 
However,  in  some  instances  clearings,  revegetated  areas  and  roads  or  trails 
resulting  from  geothermal  operations  could  improve  wildlife  habitat.  It 
also  should  be  recognized  that  many  animals  also  have  the  ability  to  adapt 
to  changed  environments.  In  addition  to  land  modification,  the  noise  and 
other  commotion  could  have  displacement  effects  upon  animals  and  birds  in 
the  site  vicinity.  The  degree  and  permanence  of  displacement  or  distur- 
bance would  depend  upon  the  scope,  duration  and  type  of  activity. 

Most  areas  adjacent  to  drilling  and  test  operations,  but  outside  the  im- 
mediate zones  of  physical  modification  and  noise,  would  retain  part  or  all 
of  their  fish  and  wildlife  populations  and  habitat.  However,  where  exis- 
ting public  access  to  these  areas  would  be  restricted  to  reduce  hazards  to 
the  public,  there  could  be  an  accompanying  reduction  of  hunting,  angling, 
camping  and  other  recreational  opportunity  on  these  lands.  The  importance 
of  these  losses  would  depend  upon  the  capacity  of  other  available  habitat 
areas  to  absorb  the  pressures  which  are  presently  absorbed  by  the  geothermal 
area. 

Potentially  significant  impacts  upon  fish  and  wildlife  could  result  from 
improperly  planned  or  executed  handling  of  geothermal  fluids.  If  controlled 
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releases,  spills,  seepage  or  well  blowouts  were  to  result  in  significant 
additions  of  toxic,  mineralized,  or  saline  geothermal  waters  to  streams, 
ponds,  game  management  areas,  etc.,  adverse  impacts  would  result.  These 
impacts  could  include  the  alteration  of  fishery  habitat  and  waterfowl 
nesting  and  feeding  areas  over  the  area  of  influence.  If  toxic  substances, 
such  as  boron,  sulfides,  methane,  flouride,  selenium,  and  others  were  pre- 
sent in  such  releases,  they  also  could  exert  adverse  impacts.  For  example, 
the  installation  at  The  Geysers  in  California  at  one  time  added  heated 
fluids,  containing  boron  and  ammonia,  to  Big  Sulphur  Creek  that  may  have 
resulted  in  adverse  impacts  upon  aquatic  life.  Releases  of  heated  eff- 
luents to  aquatic  habitat  could  alter  aquatic  habitat  and  life,  perhaps 
creating  temperatures  intolerable  to  existing  fish  species  and  stimu- 
lating growth  of  nuisance  algaes. 

Reinjection  of  geothermal  fluids  also  possesses  the  potential  for  adverse 
impacts  upon  fish  and  wildlife.  For  example,  the  present  major  source  of 
water  for  the  Salton  Sea  in  California  is  surface  and  subsurface  irrigation 
waste  water.  If  significant  quantities  of  highly  saline  geothermal  waters 
were  added  to  the  Sea  as  a result  of  improperly  planned  and  applied  rein- 
jection techniques,  the  additions  could  contribute  to  degradation  of  the 
existing  marginal  water  quality. 

If  sump  ponds  or  other  impoundments  were  required  as  part  of  the  develop- 
ment, they  could,  depending  upon  site-specific  circumstances,  have  local- 
ized and  varying  impacts  upon  fish  and  wildlife  resources.  For  example,  if 
the  ponded  water  were  free  of  toxic  materials  and  disease-producing  ele- 
ments, benefits  could  occur  in  the  form  of  increases  in  aquatic  habitats 
and  nesting  and  feeding  areas  for  waterfowl  and  marsh  birds.  On  the  other 
hand,  pond  water  exhibiting  toxic  concentrations  of  harmful  substances 
could  result  in  adverse  effects  on  waterfowl. 

Erosion  from  roads  and  the  construction  activities,  if  not  properly  con- 
ducted, could  result  in  added  siltation  of  aquatic  habitat  within  the  area 
of  project  influence.  The  siltation  would  be  most  severe  during  construc- 
tion phases,  although  some  might  extend  into  the  operational  stages.  Harm- 
ful siltation  effects  could  include  coverage  of  fish  spawning  and  feeding 
areas  and  shallowing  of  streams.  The  degree  of  siltation  damage  to  aquatic 
habitat  within  the  area  of  influence  would  be  dependent  upon  the  success  of 
erosion  control  measures. 

In  the  event  that  exploratory  drilling  and  production  testing  indicate  that 
a geothermal  field  has  economic  potential  for  power  development,  a commit- 
ment must  be  obtained  from  a customer  electric  utility  to  warrant  further 
development.  This  would  be  a major  decision  point  in  the  development  and 
production  of  the  geothermal  resource  of  a given  area.  Additional  permits 
would  be  required  for  construction  of  industrial  facilities  and  for  road 
and  powerline  rights-of-way  on  Federal  lands  off  of  the  lease  site. 

5 . Field  Development 

Favorable  exploration,  test  drilling,  and  production  testing  programs  pro- 
bably would  lead  to  the  drilling  of  a number  of  additional  wells  to  develop 
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a field.  Essentially  the  same  types  of  environmental  effects  would  be 
involved  in  the  field  development  phase  as  in  the  preceding  phases.  Access 
roads  would  be  improved  to  give  permanent  service.  Limited  service  and 
living  quarters  would  be  constructed  if  required,  and  adequate  water  sources 
and  sewage  facilities  would  be  provided. 

Field  development  in  a large  field  can  continue  for  many  years  as  new  wells 
and  additional  power -generating  units  are  developed.  Since  most  environ- 
mental impacts  can  be  cumulative,  such  as  water  and  air  pollution,  proper 
care  must  be  exercised  at  each  step. 

An  additional  health  and  safety  hazard  is  introduced  during  field  develop- 
ment. Asbestos,  alone  and  in  combination  with  fiberglass,  is  used  as  an 
insulating  material  around  pipelines,  as  sheathing  on  cooling  towers,  and 
for  various  other  uses  during  and  after  this  phase  of  development.  If 
concentrations  of  airborne  asbestos  fibers  accumulated  in  enclosed  fabri- 
cating or  storage  areas,  the  fibers  could  be  inhaled  by  workers  during 
fabrication,  storage,  or  field  installation,  posing  a health  hazard. 

The  drilling  for  geothermal  fluids  would  continue  to  include  test  wells  and 
intensive  production-testing  as  the  limits  of  the  field  are  probed.  In 
these  wells,  uncertainties  as  to  the  depth  of  the  producing  zone  and  type 
of  fluids  to  be  encountered  will  be  less  than  in  the  initial  prospecting 
stages,  but  possible  local  water  pollution  by  blowouts,  spillages,  and 
leaks  may  be  greater.  The  bulk  of  this  drilling  would  take  place  between 
proven  wells  under  more  predictable  conditions  so  the  environmental 
hazards  should  be  reduced  due  to  greater  understanding  of  reservoir  con- 
ditions . 

The  impact  on  water  supply  during  the  field  development  phase  will  be 
similar  to  that  from  earlier  activities.  However,  in  this  phase  the 
information  derived  about  the  site  and  regional  geohydrology,  both  as  to 
the  rate  and  paths  of  recharge  and  natural  discharge  (hydrodynamics)  of 
the  geothermal  reservoir,  and  as  to  the  prediction  of  the  effects  of  the 
future  operational-scale  extraction  of  the  geothermal  fluids  is  basic  to 
estimation  of  reserves,  the  optimum  rates  of  production,  and  resource 
conservation  consideration. 

If  the  geothermal  production  contains  substances  that  are  found  to  be 
detrimental  if  allowed  to  invade  the  environment,  the  contaminating  sub- 
stances must  either  be  removed  or  otherwise  disposed  of  before  surface 
disposal  or,  on  reinjection  if  harmful,  to  the  subsurface.  If  no  harm- 
ful materials  are  present,  or  if  these  materials  can  be  economically 
removed  from  the  fluids,  it  is  possible  that  fluids  produced  with  the 
energy  can  be  produced  as  fresh  water  at  a geothermal  installation. 
Conservation  and  utilization  of  such  demineralized  water  would  be 
required  where  such  production  is  economically  feasible. 

To  the  extent  that  wells  produce  geothermal  fluids,  it  also  may  be 
necessary  to  carry  out  an  injection  well  program  in  close  coordination 
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with  the  production  wells.  The  injection  well  program  must  be  planned  to 
avoid  the  degradation  of  ground  water  resources  not  only  in  the  site 
vicinity  but  over  the  long  term  in  the  geohydrologic  province,  in  which 
the  site  is  located,  which  may  extend  for  many  miles  beyond  the  lease  area. 

Deep  well  injection  is  the  emplacement  of  wastes  within  the  earth,  usually 
below  the  water  table  and  beneath  a confining  stratum  which  serves  to  iso- 
late the  wastes  from  potable  water  supplies  or  other  valuable  or  poten- 
tially valuable  resources.  The  feasibility  of  injecting  liquid  wastes 
deep  within  the  earth  is  suggested  by  the  enormous  volume  of  subsurface 
fluid  storage  space.  The  earth,  however,  contains  little  empty  space  so 
waste  liquids  may  have  to  be  accommodated  by  compressing  or  displacing 
existing  fluids  (including  injections  into  depleted  reservoirs)  or  by 
compressing  or  deforming  the  surrounding  strata.  The  possible  adverse 
effects  of  high  pressure  waste  injection  include  the  displacement  of  saline 
waters  distant  from  the  injection  site,  the  fracturing  of  geologic  strata 
that  could  result  in  pollution  of  high  quality  zones,  the  migration  of 
wastes  and  native  fluids  along  existing  or  created  fractures,  the  upward 
transfer  of  pollutants  along  well  casings,  and  even  the  gross  readjust- 
ment of  the  surrounding  strata.  The  injection  of  fluids  within  the  earth 
is  concerned  not  only  with  hydrostatics  but  involves  also  the  distribution 
of  the  initial  pressure  increases  and  their  effects  on  the  surrounding  rock 
matrix.  Chemically  unstable  wastes  may  produce  heat  and  pressure  after 
being  injected,  and  these  wastes  may  react  with  the  fluids  and  minerals  of 
the  injection  horizon,  changing  the  permeability  or  strength  of  the  sur- 
rounding strata.  Determining  the  compatibility  of  the  waste  solution  and 
the  fluids  and  minerals  of  the  injection  horizon  requires  careful  study. 

The  identification  of  strata  where  injection  may  be  feasible  may  be 
difficult . 

Currently,  there  are  two  distinct  types  of  deep  well  injection  practiced 
in  the  United  States.  The  first,  and  by  far  the  largest  in  terms  of  num- 
ber of  wells  and  volume  of  fluids  injected,  is  the  return  of  brines  and 
other  fluids  to  the  aquifers  from  which  they  were  extracted.  This  is  a 
common  practice  in  the  oil  and  gas  industry,  where  9,182,173  barrels  per 
day  (Petroleum  Engineering,  1967)  of  wastes  are  injected  through  many 
thousands  of  wells  in  the  oil-producing  states.  Another  type  of  deep 
well  injection  is  that  involving  liquid  industrial  (including  geothermal), 
municipal,  or  low-level  radioactive  wastes.  Currently  a minor  practice 
compared  to  the  reinjection  of  brines,  however,  the  number  of  industrial 
and  municipal  waste  injection  wells  is  increasing  rapidly. 

Brine  reinjection  has  been  practiced  by  the  petroleum  industry  for  over  50 
years,  both  in  waterflooding  for  the  secondary  recovery  of  oil  and  as  a 
means  of  disposal  of  the  brines  associated  with  the  production  of  oil. 
Ideally,  the  brines  are  reinjected  into  the  strata  from  which  they  were 
produced,  not  only  disposing  of  great  volumes  of  liquid  material  but  also 
preventing  land  subsidence  and  facilitating  greater  oil  production.  In 
the  reinjection  of  oil-field  brines,  the  most  difficult  problems  are 
expected  to  be  associated  with  confining  the  fluids  to  the  desired 
strata.  A great  deal  of  exploration  and  documentation  of  the  geologic 
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and  hydrologic  situation  has  been  made  and  is  available  for  areas  where  this 
type  of  reinjection  is  practiced.  Wastes  are  not  always  as  well  confined 
or  as  accurately  emplaced  as  desired.  The  major  area  for  concern  in  the 
reinjection  of  brines  are  proper  engineering  safeguards.  Injection  wells 
must  be  constructed  and  operated  to  guarantee  that  the  brines  are  entering, 
and  being  contained  in,  the  desired  strata.  Generally,  there  has  been 
little  or  no  evidence  of  serious  adverse  impacts  from  such  injections. 

During  the  field  development  phase,  the  possibility  of  water  pollution  or 
possible  blowouts,  due  to  failure  of  casings  and/or  cement- jobs,  exists 
at  wells  that  have  been  completed  and  then  shut-in  before  finally  being 
connected  to  a powerplant.  In  the  operational  phase,  difficulties  of 
this  type  are  often  recognized  from  the  behavior  of  each  well  and  corrected 
before  serious  harm  is  done.  However,  it  is  also  possible  during  this 
period  for  a casing  leak  or  poor  cementing  job  to  go  undetected  and  allow 
steam  and  brine  to  migrate  into  shallow  aquifers.  In  most  fields,  the 
periodic  monitoring  of  shut-in  wells  will  permit  problems  due  to  leakage 
from  casing  failures  to  be  identified.  Shallow  ground-water  observation 
wells  satellite  to  production  wells  or  at  strategic  locations  throughout 
the  field  could  also  be  useful  in  detecting  leakage  and  pollution  of  fresh 
water  sources. 

6 . Powerplant  and  Powerline  Construction 

Prior  to  approving  the  construction  of  facilities  for  the  actual  generation 
and  transmission  of  electrical  power,  a thorough  evaluation  will  be  made  of 
all  available  information  relative  to  the  geothermal  reservoir.  Where 
such  information  indicates  that  production  from  the  reservoir  would  entail 
unacceptable  adverse  environmental  effects,  continuance  of  the  project 
would  not  be  approved.  If  additional  data,  new  technology,  improved  sys- 
tems, etc.  subsequently  should  be  developed  which  would  permit  an  environ- 
mentally safe  operation,  appropriate  approval  consideration  would  be  given 
to  the  project  at  that  time.  The  installation  of  power  generation  and 
transmission  facilities,  much  of  which  could  not  be  salvaged  or  converted 
to  other  types  of  power  generation,  involves  multimillion  dollar  invest- 
ments. Thus,  it  would  be  essential  to  evaluate  carefully  all  foreseeable 
adverse  environmental  effects  of  the  project  prior  to  the  lease  sale  and 
again  before  commitment  of  large  capital  expenditures  and  environmental 
resources.  Such  effects  as  potential  air  and  water  pollution,  the  impact 
on  fish,  wildlife,  and  recreation,  and  aesthetic  degradation,  would  have 
to  be  re-examined.  This  would  precede  the  stage  where  a separate  permit 
for  plant  construction  would  be  required. 

Power  generation  and  transmission  facilities  would  be  constructed  in  stages 
to  establish  the  most  efficient  scope  for  the  project  in  relation  to  the 
associated  geothermal  reservoir.  Under  present  technology,  above-ground 
insulated  pipes  are  used  to  transport  the  steam  from  the  well  to  the  power- 
plant  because  of  pronounced  thermal  pipeline  expansion  and  contraction 
during  operation  (Figure  III-5) . An  underground  pipe  system  is  not  eco- 
nomically feasible  owing  to  service  and  equipment  requirements. 
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Figure  III-5.  PG&E  units  3 and  4,  shown  here,  went  into  commercial  operation  in  1967  and  1968, 
respectively.  In  the  foreground  are  steam  pipes  with  expansion  loops.  The  steam 
condensate  rising  from  the  row  of  five  low  stacks  at  left  marks  the  location  of 
blowdown  valves.  When  the  plant  has  to  be  shut  down,  the  steam  excapes  through 
these  valves. 


If  corrosive  fluids  are  produced  by  the  wells,  the  equipment  for  handling 
such  fluids,  or  inside  surfaces  of  such  equipment,  must  be  made  of  suit- 
able corrosion-resistant  materials.  This  would  be  normal  design  practice 
to  assure  reasonable  life  for  the  equipment;  it  also  is  necessary  to  pre- 
vent leaks  and  spills  which  could  result  in  contamination  of  surface 
waters. 

Venting  of  steam  to  the  atmosphere  can  create  an  adverse  environmental 
impact  as  described  earlier. 

Construction  of  generation  and  power  transmission  facilities  on  essentially 
undeveloped  Federal  lands  will  involve  changes  in  land  utilization  on 
such  lands,  adjacent  private  lands  and  nearby  Federal  lands.  Similarly, 
the  development  of  geothermal  resources  and  facilities  on  private  lands 
can  have  impacts  on  adjacent  Federal  lands  and  resources.  Developed 
portions  of  Federal  leases  primarily  will  involve  single-purpose  indus- 
trial uses.  Undeveloped  or  non-intensively  used  lease  lands  would  con- 
tinue to  support  multiple  land  uses,  particularly  values  such  as  watershed, 
grazing,  cultivation,  wildlife  habitat,  etc.  New  access  to  geothermal 
areas  not  specifically  restricted  to  protect  property  and  public  health 
and  safety  values  may  be  expected  to  open  additional  areas  for  multiple  use, 
particularly  recreation. 

Construction  of  generation  and  power  transmission  facilities  can  result 
in  the  alteration  of  aesthetic  qualities  by  changing  land  use  to  indus- 
trial development.  Changes  in  aesthetic  quality  would  result  from  the 
removal  of  vegetation,  from  soil  disturbance  to  ccommodate  roads,  build- 
ings, steam  wells,  pipelines,  and  transmission  lines,  and  from  the  man- 
made structures  placed  upon  the  site.  The  usual  impact  would  occur  not 
only  at  the  site  of  the  geothermal  development  but  also  on  linear  corri- 
dors occupied  by  power  transmission  lines. 

Impacts  on  the  aesthetic  quality  would  begin  with  the  construction  of 
temporary  roads  into  the  test  drilling  sites  and  would  increase  as  drill- 
ing operations,  pipelines,  power  plants,  and  transmission  lines  were 
added.  The  extent  of  the  visual  impact  at  a given  site  would  vary,  based 
upon  the  size  and  extent  of  the  development,  topography,  vegetative  cover, 
techniques  used  to  minimize  the  impact,  and  the  proximity  to  a population 
center  or  major  travel  route. 

The  high  visibility  of  The  Geysers  development  in  California  demonstrates 
a degree  of  visual  impact  where  little  special  attention  has  been  given 
to  aesthetic  placement  of  buildings  and  transmission  lines  and  where  camo- 
flage  techniques  have  not  been  used  to  blend  pipelines,  transmission  lines 
or  buildings  into  the  natural  setting. 

For  Federal  land  geothermal  developments,  full  consideration  must  be  given 
to  aesthetic  design,  placement  of  man-made  structures,  use  of  compatible 
colors,  landscaping  and  vegetative  restoration  in  order  to  minimize  visual 
impacts . 
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Tourists  may  wish  to  see  this  unique  power  source  in  operation.  In  such 
instances,  the  quality  of  their  recreation  experience  in  the  general 
area  would  be  enhanced.  If  visitations  should  be  significant,  such 
increased  use  of  the  area  could  create  additional  impacts  such  as  noise, 
dust,  damage  to  vegetation,  fire  risk,  and  potential  damage  to  improve- 
ments. Adequate  provision  would  have  to  be  made  to  protect  public  health 
and  safety. 

Since  geothermal  fluids  and  steam  can  be  transported  only  a distance  of 
about  1 mile  due  to  pressure  and  temperature  loss  factors,  powerplant 
installations  will  be  relatively  small,  probably  not  exceeding  100  MW  at 
individual  sites.  A typical  power  plant  at  the  Geysers  consists  of  two 
turbine  generators  housed  in  a single  building  with  an  adjoining  structure 
housing  cooling  towers.  Geyser  units  3 and  4 are  housed  in  a building  140 
feet  by  34  feet  and  30  feet  high.  Adjoining  is  a cooling  tower  consisting 
of  three  36  feet  by  66  feet  shells.  (For  additional  detail  see  Chapter  V,A. 
Clear-Lake  Geysers  Area,  California).  Surface  steam  lines  of  10  to  30 
inches,  fiberglass  and  asbestos  insulated  pipe  with  characteristic  large 
U-shaped  expansion  loops,  connect  the  wells  to  the  power  plant.  The 
greatest  distance  of  any  connected  well  currently  is  1,200  feet  in  a 
straight  line.  Each  plant  is  served  by  several  producing  wells  at  spacings 
of  about  40  acres  per  well.  Thus,  in  the  producing  area,  the  terrain  is 
laced  with  exposed  steam  pipes  radiating  out  from  the  power  plants  which  in 
turn  are  connected  together  with  high  voltage  transmission  lines.  Brush  is 
cleared  for  a considerable  distance  from  steam  and  power  lines  to  mini- 
mize fire  hazard  and  to  provide  access. 

The  clearing  and  grading  of  the  powerplant  site,  construction  of  access 
roads  or  trails,  installation  of  steam  pipelines,  and  powerplant  con- 
struction will  result  in  vegetative  and  surface  disturbance.  Soil  dis- 
turbance and  movement,  disposal  of  vegetation  and  construction  wastes, 
handling  of  materials,  equipment  and  supplies,  etc*  could  result  in  tem- 
porary environmental  impacts  such  as  noise,  dust,  surface  runoff,  sil- 
tation,  smoke,  etc.  However,  such  potentials  can  be  recognized  readily 
and  provided  for  in  such  a manner  whereby  adverse  effects  will  be  held  to 
an  acceptable  minimum.  Good  design  and  engineering,  proper  construction 
techniques  and  controls,  and  adequate  post-construction  measures  such  as 
sloping  of  cut  banks,  revegetation,  surfacing  or  treating  roads  and  other 
areas  subject  to  heavy  vehicle  traffic,  soil  stabilization,  proper  drainage, 
etc.  will  be  required  to  prevent  serious  longer  range  environmental  damage 
from  powerplant  and  related  facilities  construction. 

Similarly,  power  line  construction  will  involve  clearing  of  rights-of-way, 
construction  of  temporary  and  permanent  access  routes,  erection  of  towers 
and  lines,  etc.  Potential  environmental  impacts  involve  factors  such 
as  soil  movement,  erosion  and  siltation,  dust,  disposal  of  vegetative 
waste,  etc.  Where  power  lines  involve  relatively  steep  slopes,  the 
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potential  of  environmental  damage  is  increased.  However,  measures  can 
be  taken  to  prevent  damage  during  and  after  construction  to  revegetate, 
drain,  and  restore  the  surface. 

Since  each  site  may  involve  different  environmental  problems  due  to  geo- 
logy, soils,  topography,  weather,  vegetative  cover,  fish  and  wildlife 
values,  proximity  to  developed  or  populated  areas,  adjacent  land  uses  or 
values,  geothermal  steam  and  fluid  properties,  etc.,  a thorough  environ- 
mental evaluation  will  have  to  be  made  as  a basis  for  designing  power 
generation  facilities,  power  transmission  lines  and  related  facilities  to 
assure  environmental  acceptability.  In  the  event  there  should  be  unaccep- 
table adverse  environmental  impacts,  continuance  of  the  project  should  not 
be  permitted  unless  corrective  measures,  improved  technology  or  other 
changes  will  assure  achievement  of  environmental  acceptability. 

7.  Full-Scale  Production 


The  adverse  environmental  effects  of  geothermal  development  may  decline 
as  the  field  comes  into  full-scale  production.  If  proper  environmental 
measures  have  been  fully  implemented  during  the  construction  phase,  vege- 
tative cover  will  begin  to  cover  exposed  soils  where  conditions  are  con- 
ducive to  plant  growth,  drainage  and  soil  erosion  measures  will  control 
run-off  to  minimize  both  on  and  off-site  damage.  The  physical  distur- 
bances and  activities  associated  with  construction  will  have  ended.  During 
the  production  period,  activities  primarily  will  consist  of  the  operation 
and  maintenance  of  the  power  plant  and  related  facilities  and  the  drilling, 
redrilling,  and  workover  of  geothermal  wells  to  maintain  production  capa- 
city. Overall  activity  will  be  considerably  reduced  over  that  required 
during  field  development  and  the  construction  of  power  generation,  power 
transmission  and  related  facilities.  A state  of  use  equilibrium  will  be 
reached  which  will  be  conducive  to  broader  multiple  land  uses  of  the  lease 
area,  particularly  uses  such  as  wildlife  habitat,  grazing  and  agriculture. 
For  example,  the  Larderello  field  in  Italy  is  in  an  area  of  intensive 
agricultural  development.  Within  the  confine  of  the  field  there  are  many 
farms,  vineyards  and  orchards  adjacent  to  producing  wells,  pipelines  and 
power  plants. 

There  is  a broad  range  of  potential  adverse  and  beneficial  effects  on  water 
resources  which  may  result  from  full-scale  operations.  Environmentally 
significant  alterations  could  occur  in  the  ground-water  and  surface  hydro- 
logic  regimes  and  in  the  availability  of  water  suitable  for  human,  agri- 
cultural, and  industrial  needs  as  a result  of  injection  or  waste  disposal 
operations.  Such  impacts  could  be  felt  both  on  the  immediate  leasehold 
and  adjacent  lands  as  well  as  over  a much  larger  area.  For  example,  a 
decrease  in  streamflow  through  water  withdrawal  for  geothermal  activities 
could  adversely  affect  a drainage  basin  for  a distance  many  miles  down- 
stream or  even  an  entire  drainage  basin.  Conversely,  the  use  of  electric 
power  from  a geothermal  field  for  a desalination  water  project  or  the 
by-product  production  of  fresh  water  may  beneficially  serve  a community  in 
an  outlying  region  or  in  the  area  adjacent  to  the  geothermal  operation. 
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Factors  influencing  the  potential  impacts  on  water  supply  may  be  both 
natural  and  manmade.  Natural  factors  are  dependent  upon  field  types, 
vapor -dominated  or  hot-water,  and  their  geohydrologic  and  physiographic 
settings.  Manmade  factors  include  interrelated  matters  of  reservoir 
engineering  and  power  enginneering  practices,  and  the  extent  to  which  it 
is  economical  to  incorporate  desalination  in  the  operational  scheme. 

Wasting  of  geothermal  effluent  to  a saline  lake  or  sea  in  water-deficient 
basins  or  coastal  plains  in  lieu  of  reinjection  or  use  exemplifies  a poten- 
tial adverse  impact  created  by  natural  and  manmade  factors  on  the  water  re- 
gime. In  more  humid  regions  with  comparable  terrain  conditions,  water  is 
not  a scarce  commodity  and  the  possibility  of  adverse  impacts  of  this  type 
would  be  reduced,  or  might  be  insignificant.  Reinjection  of  geothermal 
effluent  coaid  alleviate  subsidence  and  prevent  pollution  of  surface  waters. 
Desalination  of  geothermal  effluent  may  require  that  alternate  water  sources 
be  found  for  reinjection  to  prevent  subsidence. 

Inland  desert  basins  and  semiarid  terrains,  in  contrast  to  upland  watersheds, 
present  greater  potential  for  full-scale  operations  with  minimal  adverse 
impact  on  the  water  supply.  The  potential  for  beneficial  impact  through 
reduction  of  evapotranspiration  losses,  salvaging  of  saline  waters,  or 
augmentation  of  local  and  regional  water  supply  by  joint  power-desalina- 
tion geothermal  schemes  is  promising.  Extractions  of  geothermal  fluids 
from  hot  water  fields  underlying  saline  lakes  or  dry  lakebeds  and  boddmr- 
ing  alkali  flats  or  brackish  marsheeUin  amounts  exceeding  recharge  could, 
due  to  lowering  of  the  water  table,  lead  to  reduction  of  evapotranspiration 
losses.  Unless  this  process  was  allowed  to  cause  harmful  desiccation  of 
marshes  and  aquatic  wildlife  habitats,  it  would  not  represent  a signifi- 
cant depletion  of  the  water  supply.  The  potential  for  supplementing  or 
producing  fresh  water  from  geothermal  fields  in  these  inland  basin  settings 
hinges  on  reservoir  engineering,  land  subsidence  controls,  and  local  and 
regional  power  and  water  economics.  Systematic  development  programs  must 
consider  these  factors  before  an  evaluation  of  natural  wastewater  reclama- 
tion can  be  made.  There  also  could  be  beneficial  impacts  on  water  supply 
from  full-scale  operation  of  hot  water  fields  in  desert  areas. 

Full-scale  operations  of  vapor-dominated  fields,  because  less  fluids  are 
extracted,  would  have  less  possibility  of  adverse  impacts  on  water  supply. 

The  water  recharge  mechanism  of  their  hydrodynamic  systems  is  not  well 
understood,  so  it  is  difficult  do  make  any  quantitative  predictions  for 
prospective  fields.  Detailed  analysis  of  the  surface  and  ground-water 
hydrology,  could  reqqire  years  of  monitoring  under  developmental  and 
operational  conditions  to  make  quantitative  water  supply  estimates.  The 
experience  in  The  Geysers  field  indicates  that  this  impact  has  not  been 
significant  over  the  period  of  12  years  of  operations,  in  which  production 
increased  from  12.5  MW  to  192  MW. 

In  The  Geysers  field,  about  80  percent  of  the  steam  condensate  is  consumed 
by  evaporation  for  condenser  cooling.  The  remaining  20  percent  is  rein- 
jected as  a water  quality  control  measure  into  nonproductive  zones  of  the 
field.  Geothermal  condensate  use  averages  about  45  acre-feet  per  year 
per  magawatt  of  plant  capacity.  The  current  Geysers  plant  combined 
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capacity  of  298  MW  would  represent  about  13,000  acre-feet  of  water 
consumption  each  year.  Production  at  a 600-MW  level  would  represent 
consumption  of  about  27,000  acre-feet  per  year. 

Electric  power  generation  in  hot  water  fields  presumably  would  require 
comparable  amounts  of  water  for  condenser  cooling.  In  conventional  steam 
turbine  plants,  in  which  steam  and  hot  water  are  separated,  the  cooling 
water  supply  would  most  likely  come  from  the  geothermal  steam  condensate. 
Low-quality  ground  water  and  poor  quality  surface  waters  might,  however, 
be  used.  In  fields  where  the  closed  binary  system  is  to  be  used,  nongeo- 
thermal  sources  of  cooling  water  would  appear  most  practical.  In  water- 
deficient  regions  this  could  be  a significant  demand  against  other  possible 
beneficial  uses  of  the  water  supply. 

Installations  on  seacoasts  or  tidal  estuaries,  such  as  the  Wairakei  field 
in  New  Zealand,  or  on  large  lakes  or  rivers,  present  special  conditions  with 
regard  to  sources  of  cooling  water  that  differ  markedly  from  inland  geo- 
thermal fields.  In  determining  the  long-term  impact  on  water  supply  for 
geothermal  operations,  consumption  of  45  acre-feet  of  water  (not  necessarily 
fresh)  annually  for  each  megawatt  produced  must  be  considered.  However, 
in  contrast  to  fossil  fuel  and  nuclear  electric-power  generation,  water 
consumed  for  cooling  in  geothermal  operations  ordinarily  comes  from  sources 
which  would  not  otherwise  be  beneficially  used,  namely,  the  geothermal 
reservoir. 

The  ground-water  regime  in  the  general  area  of  a geothermal  field  may  be 
altered  if  appropriate  protection  and  control  procedures  are  not  employed. 

A fresh -water  aquifer  may  occur  above  a geothermal  reservoir  which  con- 
tains hot  mineralized  or  saline  water.  Tapping  the  geothermal  strata 
could  result  in  contamination  of  the  fresh  water  aquifer  if  one  horizon 
were  not  kept  isolated  from  the  other  by  properly  cementing  the  casing*  of 
either  production  or  reinjection  wells.  Beginning  with  the  early  stages 
of  a project,  suitable  data  must  be  accumulated  and  thoroughly  analyzed, 
to  determine  what  steps  must  be  taken  to  prevent  or  minimize  alteration  of 
the  local  ground-water  regime. 

Experience  in  petroleum  production  indicates  that  marked  changes  in  reser- 
voir pressure,  whether  due  to  pressure  reduction  from  the  production  of 
fluids,  or  to  pressure  increase  due  to  injection,  may  in  certain  types  of 
reservoirs,  especially  in  faulted  or  fractured  rocks,  result  in  instability 
leading  to  seismic  activity.  Such  instability  due  to  production  alone  has 
been  documented  in  the  Wilmington  Oil  Field,  California  (Poland  and  Davis, 
1969,  p.  205)  and  instability  due  to  injection  was  documented  at  the 
Baldwin  Hills  Oil  Field,  California  (Hamilton  and  Meehan,  1970),  and  in 
connection  with  injection  of  waste  waters  at  the  Rocky  Mountain  Arsenal, 
Colorado  (Healy  and  others,  1970).  Similar  increases  in  seismic  activity 
also  have  been  noted  in  association  with  filling  of  large  surface  reser- 
voirs with  attendant  change  in  hydrostatic  head,  including  Lake  Mead  on  the 
Colorado  River  and  Lake  Kariba  in  Africa  (Rothe,  1969,  p.  215).  The  role 
of  fluid-pressure  changes  in  triggering  seismic  action  is  not  well  known 
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but  a caustive  relation  has  been  established  in  many  areas.  In  general, 
such  earthquakes  have  not  been  damaging  but  the  potential  for  major  seismic 
action  cannot  be  ruled  out.  By  contrast,  it  also  is  possible  that  such 
actions  may  relieve  earth  stresses  which  could  mitigate  the  severity  of 
subsequent  seismic  actions. 

Subsidence  of  the  ground  surface  over  and  around  a geothermal  reservoir 
can  result  from  the  withdrawal  of  large  volumes  of  fluids  (Poland  and 
Davis,  1969;  Hunt,  1970).  Subsidence  would  reach  a maximum  rate  during 
full-scale  operations  unless  replacement  fluid  is  returned  to  the  reser- 
voir. In  some  instances  it  may  be  practical  to  reinject  the  geothermal 
fluids  after  utilizing  most  of  their  heat.  Studies  would  be  required 
prior  to  approval  of  operating  plans  and  operation  would  have  to  be  monitored 
to  determine  the  subsidence  potential  and  its  probable  consequences.  In 
many  instances,  it  is  possible  that  there  would  be  no  serious  land  use  or 
environmental  consequences  if  subsidence  did  occur. 

The  close  association  of  geothermal  areas  throughout  the  world  with  major 
rift  systems,  zones  of  crustal  spreading  or  convergence,  Cenozoic  volcanism, 
and  earthquakes  has  been  discussed  in  a number  of  papers  (McKnitt,  1965; 
Tanrazyan,  1970;  Muffler  and  White,  1972).  A plot  of  the  major  producing 
geothermal  areas  of  the  world  on  the  world  seismicity  map  for  the  year 
1971  shows  this  close  association  (Figure  III-6).  A greater  detail  of  the 
tectonic  setting  and  earthquake  history  of  California  is  shown  in  Figure 
III-7.  This  area,  containing  some  of  the  most  promising  geothermal  areas 
in  the  United  States,  is  part  of  the  circum-Pacific  seismic-volcanic  belt 
and  is  the  most  seismically  active  region  of  the  United  States. 

Microseisms  associated  with  thermal  areas  have  been  studied  as  a possible 
technique  in  exploration  (Ward,  1972;  Lange  and  Westphal,  1969;  Hamilton 
and  Muffler,  1972).  Research  has  disclosed  that  the  earthquakes  associated 
with  geothermal  areas  generally  occur  as  swarms  at  depths  of  2 to  6 km  and 
that,  although  large  earthquakes  may  occur  at  distances  of  10  to  15  km 
from  geothermal  areas,  the  earthquakes  associated  with  the  geothermal  acti- 
vity are  usually  small,  with  magnitudes  generally  below  4.5  oh  the  Richter 
scale  (Ward,  1972). 

Changes  in  geyser  activity  have  been  observed  following  both  local  and 
distant  earthquakes  suggesting  that  regional  stresses  may  influence  geyser 
activity  and  that  active  faulting  may  be  a possible  mechanism  for  main- 
taining an  open  channel  for  circulation  of  geothermal  fluids  in  a deep 
convective  system  (Marler,  1964;  Nicholls  and  Rinehart,  1967). 

The  association  of  earthquakes  with  geothermal  areas  is  not  surprising,  as 
active  tectonism  or  intrusion  would  provide  the  conditions  necessary  for 
geothermal  phenomena.  The  role  of  fluid  pressure  changes  in  triggering 
earthquakes  is  not  as  well  known,  but  the  possibility  of  generating  earth- 
quakes by  large  withdrawals  or  reinjections  of  geothermal  fluids  cannot  be 
ruled  out  as  a potential  environmental  impact.  To  date,  earthquakes  associa- 
ted with  fluid  pressure  changes  have  been  small  and  not  disastrous,  and 
some  evidence  indicates  that  seismic  activity  associated  with  geothermal 
areas  is  a continuous  process  tending  to  relieve  regional  stresses,  thus 
reducing  the  probability  of  large  earthquakes. 
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Figure  III-6.  Major  geothermal  producing  areas  and  world  seismicity  for  1971. 
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ACTIVE  FAULTS  OF  THE  CALIFORNIA  REGION 
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MAP  EXPLANATION 


Recently  active  fault  (believed  to  have  been  active  within 
the  pest  few  tens  of  thousends  of  yeers) 

Fault  segment  along  which  slip  has  occurred  during  his- 
torical earthquakes  or  which  is  currently  displaying 
fault  creep.  Numbers  show  the  approximate  location 
of  earthquakes  listed  on  accompanying  table. 


Possible  extensions  of  recently  active  faults;  also  related 
faults  that  may  not  have  been  recently  active. 


Inferred  submarine  faults 

/////////////// 

Z////////////7/ 

Parts  of  San  Andreas  fault  system  subject  to  fault  creep 
and  relatively  frequent  small-to-moderate-sized  earth- 
quakes. 


Direction  of  relative  horizontal  slip  along  fault 


Redding 


Sueanvlll 


jam-iiREi 


Sacramento 


Vs 


Milwa 


Figure  III-7.  Map  of  active  faults  of  California  showing  areas  of 
greatest  earthquake  activity  and  locations  of  major 
historic  earthquakes.  (See  following  page  for  details 
of  major  quakes.) 
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HISTORICAL  EARTHQUAKES  IN  CALIFORNIA 
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Drilling  and  fluid  production  will  involve  the  same  considerations  during 
full-scale  operations  as  during  the  testing  and  earlier  production  opera- 
tions, including  prevention  of  blowouts,  sealing  of  wells,  and  providing 
for  control  of  fluid  flow  from  a well.  Steam  not  containing  noxious  gas 
concentrations  generally  can  be  exhausted  to  the  atmosphere  without  causing 
significant  environmental  damage  if  noise  is  kept  at  a moderate  level. 
Condensing  such  steam  could  result  in  greater  heat  recovery  and  even  aug- 
ment fresh -water  supplies. 

Full  development  of  a geothermal  field  (as  with  drilling,  production  testing, 
field  development,  and  powerplant  and  powerline  construction)  could  have 
varied  impacts  upon  fish  and  wildlife.  Most  of  the  impacts  would  occur  on, 
or  adjacent  to,  the  power  generation  plant  sites  and  areas  occupied  b/ 
related  facilities.  There  also  could  be  impacts  upon  fish  and  wildlife 
from  improper  handling  of  geothermal  fluids.  As  a geothermal  field  pro- 
ceeds through  the  stages  of  powerplant,  road,  transmission  line,  and  any 
byproduct  facilities  construction  and  operation,  the  loss  of  wildlife 
values,  which  began  in  the  test  drilling  and  production  testing  stages, 
would  vary  by  nature  of  activity.  The  impacts  of  exploration,  develop- 
ment and  construction  generally  would  tend  to  be  of  a temporary  nature 
during  the  period  of  such  activity.  Impacts  associated  with  the  opera- 
tional phase  would  continue  during  the  life  of  the  plant,  but  even  here 
some  wildlife  would  accept  such  environmental  intrusion  without  serious 
consequences.  Impacts  could  include  both  wildlife  habitat  and  usage.  Where 
existing  public  access  would  be  restricted  to  reduce  hazards  to  the  public, 
or  to  protect  plant  facilities,  there  could  be  an  accompanying  reduction 
of  hunting,  angling,  or  other  recreational  opportunity  on  these  lands. 

The  -importance  of  these  losses  would  depend  upon  the  amount  of  such  use 
displaced  and  the  capacity  of  other  available  habitat  areas  to  absorb  the 
pressures  presently  absorbed  by  the  geothermal  area. 

Power  distribution  lines  located  in  flyways  or  over  nesting  and  feeding 
sites  could  cause  some  mortality  of  waterfowl,  eagles,  hawks,  and  other 
birds  from  collision  and/or  electrocution.  The  magnitude  of  this  type  of 
loss  cannot  be  predicted,  but  would  be  expected  to  be  minor. 

The  byproduct  potential  of  some  geothermal  developments  is  expected  to  be 
of  commercial  interest.  Heat  may  be  extracted  from  geothermal  fluids  for 
purposes  other  than  power  generation,  thereby  increasing  the  overall 
thermal  use  efficiency  and  precluding  the  need  for  providing  alternative 
sources  for  an  equivalent  energy  source.  It  also  may  be  feasible  at  some 
installations  to  extract  valuable  chemicals  and  potable  water  from  the 
brines  produced.  Such  byproducts  could  represent  positive,  beneficial 
environmental  influences.  Safeguards  must  be  employed  so  that  waste 
streams  from  byproduct  plants  do  hot  contaminate  or  adversely  affect  the 
environment,  for  example,  by  contributing  to  air  or  water  pollution. 

Electrical-energy  generation  during  full-scale  operations  may  be  expected 
to  continue  for  many  years.  Initial  facilities  associated  with  both  the 
production  of  electric  energy  and  byproducts - -e. g. , a processing  plant 
for  extracting  chemicals  or  minerals  from  geothermal  fluids,  and/or  faci- 
lities for  producing  and  perhaps  storing  fresh  water--might  serve  as  pilot 
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plants  for  making  improvements  and  additions  to  the  project.  Likewise, 
operation  of  a plant  addition  might  provide  useful  data  for  planning  and 
designing  the  next  addition.  Data  would  be  accumulated  from  the  outset  and 
would  be  available  for  designing  environmental  safeguards  as  well  as  for 
designing  other  types  of  improvements. 

Closely  allied  to  these  environmental  considerations  is  the  need  to  remove 
and  safely  dispose  of  substances  in  geothermal  fluids  that  could  constitute 
hazards,  but  whose  removal  would  not  be  profitable.  For  example,  noxious 
constituents  that  may  be  present  in  the  gases  that  remain  after  geothermal 
steam  condenses.  Such  constituents  would  have  to  be  removed  and  safely 
disposed  of  in  waste  waters  being  reinjected  or  other  appropriate  means. 
Discharge  of  thermal  mineralized  or  saline  fluids  that  could  result  in 
pollution  of  surface  streams,  lakes,  and  watersheds  or  other  significant 
environmental  damage  must  not  be  permitted. 
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C.  MITIGATING  MEASURES  INCLUDED  IN  THE  PROPOSED  ACTION 


Mitigation  of  potential  environmental  problems  and  impacts  stemming 
from  geothermal  exploration  and  development  activity  can  be  accomplished 
through  enforcement  of  applicable  Federal,  State,  and  local  laws  and 
regulations,  geothermal  exploration  and  leasing  regulations,  geothermal 
operating  regulations,  Geothermal  Resources  Operational  (GRO)  Orders,  lease 
and  land-use  permit  stipulations,  and  application  of  existing  and  developing 
and  yet  to  be  developed  technologies.  Although  the  number  of  geothermal 
installations  in  the  world  is  limited,  a great  amount  of  technical  and 
operational  information  has  been  gained  from  them.  Certain  technologies, 
such  as  drilling  methods  and  handling  of  high  pressure  fluids,  have  been 
directly  transferred  with  appropriate  modification,  from  the  petroleum 
industry  to  the  geothermal  industry.  Our  knowledge  of  environmental  causes, 
effects,  and  remedial  or  preventive  measures  specifically  relating  to  geo- 
thermal development  ranges  from  adequate  to  limited.  Some  environmental 
impacts  are  known  and  can  be  prevented;  some  impacts  can  be  anticipated 
and  adequate  environmental  protection  can  be  planned;  some  impacts  can  only 
be  hypothesized  so  contingencies  included  under  the  general  regulations  may 
provide  a means  for  corrective  action  in  the  event  these  impacts  become 
reality.  If  unacceptable  environmental  factors  exist  which  can  not  be 
corrected,  development  or  operation  would  not  be  permitted. 

Certain  environmental  impacts  will  be  common  to  all  geothermal  developments 
while  others  will  be  unique  to  a single  field  or  individual  lease.  All 
potentially  known  or  anticipated  environmental  impacts  which  may  occur 
from  geothermal  activity  have  been  included  in  this  statement.  Unantici- 
pated environmental  impacts  which  become  apparent  as  a result  of  the 
development  of  geothermal  resources  will  be  mitigated  as  indicated  under 
Sections  270.11  and  270.12  of  the  operating  regulations. 

The  environmental  impacts  and  the  mitigating  measures  taken  to  lessen  or 
eliminate  such  impacts  will  vary  depending  upon  the  characteristics  of 
each  specific  lease  site  and  the  phase  of  geothermal  development.  Unsuc- 
cessful exploration  activity  resulting  in  lease  termination  would  result 
in  a relatively  small-scale  environmental  impact  and  prevention  or  mitiga- 
tion of  this  impact  could  be  readily  accomplished.  As  development  pro- 
ceeds through  the  sequence  of  test  drilling,  production  testing,  field 
development,  powerplant  and  powerline  construction,  and  full-scale  opera- 
tion, the  environmental  impacts  may  become  compounded  and  more  numerous, 
and  mitigating  measures  could  become  increasingly  complex.  However,  proper 
planning,  information  analysis,  monitoring  of  all  operations,  control 
measures,  etc.  can  keep  currently  abreast  of  all  activities  to  assure  that 
potential  problems  are  promptly  identified  and  that  adequate  correction 
measures  are  taken. 

1.  General 


Environmental  Assessments 


Section  3200.0-6  (a)  of  the  leasing  regulations  provides  for  an  initial 
preleasing  report  on  resources  of  the  proposed  lease  area  and  the  potential 
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impact  of  operations  on  the  environment.  To  the  extent  possible,  such 
evaluations  will  cover  all  stages  from  resource  exploration  and  develop- 
ment to  full-scale  operations.  Appropriate  Federal  agencies  will  be  asked 
to  comment  on  the  proposal. 

Section  3200.0-6(b)  of  the  leasing  regulations  provides  that  prior  to  the 
final  selection  of  tracts  for  leasing  the  head  of  the  agency  charged  with 
the  administration  of  the  surface  shall  evaluate  fully  the  potential 
effects  of  the  leasing  program  on  the  total  environment,  aquatic  resources, 
aesthetics,  recreation,  and  other  resources  in  the  entire  area  during 
exploration,  development,  and  operational  phases.  This  includes  both 
the  geothermal  lease  area  and  the  construction  of  power  generating  plants 
and  transmission  facilities  on  lands  not  included  in  the  geothermal  lease. 
To  aid  in  this  evaluation  and  determination,  the  responsible  agency  may 
request  and  consider  the  views  and  recommendations  of  appropriate  Federal 
agencies,  hold  public  hearings  after  appropriate  notice,  and  consult  with 
State  agencies,  organizations,  industries,  and  individuals.  If,  upon 
review  of  any  preleasing  report,  it  is  determined  that  geothermal  develop- 
ment will  constitute  a major  Federal  action  significantly  affecting  the 
quality  of  the  human  environment,  an  environmental  impact  statement,  as 
required  under  Section  102(2) (c)  of  the  National  Environmental  Policy  Act 
of  1969,  will  be  prepared  and  issued,  either  as  a supplement  to  this 
statement  or  as  a separate  statement.  The  Director,  Bureau  of  Land 
Management  (BLM) , shall  develop  special  leasing  stipulations  and  condi- 
tions when  necessary  to  protect  the  environment  and  all  other  resources. 

Monitoring 

Monitoring  will  be  conducted  for  all  potential  impacts  related  to  explora- 
tion, development,  and  production  of  geothermal  resources.  Such  impacts 
include,  but  are  not  limited  to,  noise,  air  quality,  water  quality, 
radioactivity,  erosion,  fish  and  wildlife,  seismicity,  and  land  subsidence. 
Monitoring  may  take  the  form  of  continous  recording  of  parameters,  peri- 
odic sampling,  or  areal  survey  at  intervals. 

The  extent  and  frequency  of  required  monitoring  activities  will  differ 
from  place  to  place  owing  to  natural  variability  of  geology,  terrain, 
biological  factors,  climate,  etc.  Therefore,  technically  appropriate 
measures  to  monitor  environmental  impacts  will  be  determined  on  a case- 
by-case  basis  after  the  decision  has  been  made  to  consider  lease  sales 
in  a given  area.  In  any  event,  it  is  essential  that  appropriate  monitoring 
activities  be  instituted  prior  to  development  so  that  potential  impacts  can 
be  subjected  to  an  adequate  before  and  after  assessment. 

Monitoring  of  short-term  localized  impacts  such  as  noise  and  air  quality, 
which  are  readily  identified  and  associated  with  specific  activity  on  an 
individual  lease,  will  be  the  responsibility  of  the  lessee,  under  the 
supervision  of  the  U.S.  Geological  Survey,  and  will  be  required  as  a 
stipulation  in  the  lease  or  through  GRO  Orders. 
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Monitoring  of  processes  that  cannot  be  readily  associated  with  activity 
on  an  individual  lease,  such  as  changes  in  water  quality , (including  sedi- 
ment yield)  fish  and  wildlife  values  or  processes  that  are  of  regional 
scope,  such  as  land  subsidence  and  seismicity,  will  be  the  responsibility 
of  the  Department  of  the  Interior. 

Applicability  and  Use  of  State  and  Local  Government  Environmental,  Public 
Health  and  Safety  and  Geothermal  Laws  and  Regulations. 

To  the  maximum  extent  possible,  consistent  with  meeting  Federal  responsi- 
bilities for  the  management  and  protection  of  public  lands  and  their  re- 
sources, appropriate  consideration  and  utilization  will  be  made  of  State 
and  local  government  water  quality,  air  quality,  noise,  geothermal  and 
other  laws  and  regulations.  Section  270.41  of  the  regulations  provides 
that  the  lessee  shall  comply  with  all  Federal  and  State  standards  with 
respect  to  the  control  of  all  forms  of  air,  land,  water  and  noise  pollu- 
tion, including,  but  not  limited  to,  the  control  of  erosion  and  the  dis- 
posal of  liquid,  solid  and  gaseous  wastes.  The  Supervisor  may,  in  his 
discretion,  establish  additional  and  more  stringent  standards  which  must 
be  met. 

Careful  evaluation  will  be  made  for  each  geothermal  project  to  ascertain 
the  nature  of  environmental  problems  that  may  exist,  the  adequacy  of  state 
and  local  government  laws  and  regulations,  and  the  degree  to  which  addi- 
tional standards  must  be  imposed  to  provide  adequate  public  health  and  safety 
measures,  for  protection  of  other  land  and  resource  values,  and  for  environ- 
mental protection.  For  most  states,  water  quality  regulations  should  cover 
most  situations.  By  contrast,  there  may  be  air  or  noise  pollution  factors 
for  which  specific  provisions  must  be  developed  and  included  in  lease  pro- 
visions or  subsequent  GRO  orders.  In  many  instances,  it  will  not  be 
possible  to  fully  identify  all  potential  environmental  problems  and  to 
provide  all  necessary  controls  until  the.  resources  have  been  fully  explored, 
developed,  tested,  their  physical  properties  evaluated,  and  power  genera- 
tion facilities  have  been  designed,  constructed  and  put  into  operation. 
Accordingly,  there  may  be  a need  to  develop  additional  stipulations  not  in- 
cluded in  the  initial  lease  provisions  throughout  each  stage  of  project 
development,  including  actual  operations.  Future  changes  in  Federal, 

State  and  local  government  laws  and  regulations  may  warrant  changes  in 
environmental  stipulations  and  controls. 

In  view  of  the  growing  interest  in  the  potential  for  developing  geothermal 
resources  in  the  Western  States,  these  states  are  enacting  laws  and  regu- 
lations applicable  to  state  and  private  land  resource  development.  Table 
III-8  summarizes  the  status  of  such  actions  as  of  early  1973. 

2.  Exploration  Operations 

As  defined  in  Section  3209  of  the  leasing  regulations,  exploration  opera- 
tions means  any  activity  relating  to  the  search  for  evidence  of  geothermal 
resources  which  requires  physical  presence  upon  the  land  and  which  may 
result  in  damage  to  public  lands  or  resources  thereon.  It  includes  but 
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Table  III-8.  OVERVIEW  OF 
GEOTHERMAL  LAWS  AND  REGULATIONS 
IN  THE  WESTERN  UNITED  STATES 


State 

Geothermal 

Law 

Geothermal 

Regulation 

Geothermal 
Regulation 
State  Lands 

Water  Well 
Permit 
Required 

Drilling  Fee 
Required 

Drilling  Bond 
Required 
(Thousands  $) 

Impact  Statement 
to  Drill 
Required 

A La ska 

No 

No 

Yes 

1972 

Yes/No 

$100 

Yes  15 
B10 

No 

Arizona 

Yes 

1972 

Yes 

1972 

Yes 

No 

$25 

Yes  15 
B25 

No 

California 

Yes 

1965 

Pend. 

(1973) 

Yes 

1967 

No 

$25- 

1,000 

Yes  15 
B25 

No 

Colorado 

No 

No 

No 

UD 

UD 

UD 

UD 

Hawaii 

No 

No 

No 

Pend. 

Yes 

Nom. 

No 

Yes 

Idaho 

Yes 

1972 

Yes 

(1973) 

Yes 

1972 

Yes 

$500 

Yes  110 
No  B 

No 

Montana 

Yes 

(7/73) 

Yes 

(7/73), 

Yes 

(7/73) 

Yes 

Yes 

$75-15( 

Yes  15 
£10 

Cond. 

Nevada 

No 

No 

No 

Yes 

$25+ 

No 

No 

New  Mexico 

Yes 

(6/73; 

Yes 

(6/73) 

Yes 

1967 

Yes 

UD 

UD 

No 

Oregon 

Yes 

L971 

Yes 

1971 

Yes 

1972 

Yes 

Yes 

$25 

Yes  15 
B25 

No 

Utah 

Yes 

L973 

No 

Yes 

Yes 

$10+ 

No 

Washington 

No 

No 

No 

UD 

UD 

UD 

No 

Wyoming 

Yes 

(5/731 

No 

No 

Yes 

$2 

No 

No 

( ) - Pending  date  UD  - Undecided 

State  of  California 
Division  of  Oil  and  Gas, 
Department  of  Conservation, 
April  1973 
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is  not  limited,  to  geophysical  operations,  drilling  of  shallow  temperature 
gradient  wells,  construction  of  roads  and  trails,  and  cross  country  tran- 
sit by  vehicle  over  public  domain.  It  does  not  include  the  casual  use 
of  public  lands  for  geothermal  resource  exploration.  It  does  not  include 
core  drilling  for  subsurface  geologic  information,  except  drilling  of 
shallow  temperature  gradient  wells  or  drilling  for  geothermal  resources; 
these  activities  will  only  be  authorized  by  the  issuence  of  a geothermal 
resource  lease. 

Section  3209  requires  that  any  person  desiring  to  conduct  exploration 
operations  shall,  prior  to  entry  to  entry  upon  the  lands,  file  for  approval 
with  the  authorized  officer  for  the  district  within  which  the  public  lands 
are  located  a "Notice  of  Intent  to  Conduct  Exploration  Operations."  No 
exploration  operations  will  be  conducted  prior  to  meeting  the  requirements 
of  this  section.  Exhibit  III-A  is  an  example  of  the  Notice  of  Intent  form 
to  be  used.  In  this  manner,  the  authorized  officer  will  advise  those 
involved  in  exploration  activities  as  to  the  general  and  specific  terms 
and  conditions  applicable  to  the  areas  involved.  The  authorized  officer 
will  know  who  is  operating  in  various  areas,  the  nature  of  their  opera- 
tions, the  location  of  such  operations,  and  the  approximate  period  of  such 
operations.  Appropriate  surveillance  then  can  be  maintained  over  all 
exploratory  operations . 

In  submitting  the  Notice  of  Intent,  the  operator  will  agree  to  conduct 
all  exploration  operations  pursuant  to  the  prescribed  terms  and  conditions. 
He  also  will  be  required  to  file  a surety  bond  in  an  amount  at  not  less 
than  $5000, conditioned  upon  the  full  and  faithful  compliance  for  each 
exploration  operation.  Upon  completion  of  the  exploration  operation, 
there  shall  be  filed  a Notice  of  Completion  of  Exploration  Operations. 
Within  90  days  after  the  filing  of  such  notice,  the  authorized  officer 
shall  notify  the  party  who  conducted  the  operations  whether  all  of  the 
terms  and  conditions  have  been  complied  with,  or  whether  additional  mea- 
sures must  be  taken  to  rectify  any  damage  to  the  land. 

Under  these  procedures,  those  wishing  to  conduct  geothermal  explorations 
will  be  able  to  do  so  subject  to  those  terms  and  conditions  as  are 
necessary  to  protect  the  public  lands,  their  resources  and  environmental 
values.  The  authorized  officer  responsible  for  management  of  the  public 
lands  involved  will  have  the  opportunity  to  advise  exploratory  operators 
of  such  terms  and  conditions  and  he  can  monitor  such  activities  as 
appropriate.  Upon  completion  of  the  exploratory  work,  compliance  vill  be 
checked  and  any  needed  corrective  measures  will  be  required. 

3.  Leasing,  Resource  Development  and  Operations 

Section  3200.0-6  of  the  leasing  regulations  sets  forth  the  following  pre- 
leasing procedures; 

(a)  When  an  area  is  initially  considered  for  geothermal  leasing 
or  when  the  need  arises,  the  Director  shall  request  other  in- 
terested Bureaus  and  Federal  agencies  to  prepare  reports  des- 
cribing, to  the  extent  known,  resources  contained  within  the 
general  area  and  the  potential  effect  of  geothermal  resources 
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Form  3209-1 


(Sample) 

UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  LAND  MANAGEMENT 

NOTICE  OF  INTENT  TO  CONDUCT 
EXPLORATION  OPERATIONS 
(Geothermal  Resources) 

EXHIBIT  III-A 
Notice  No. 

We 

(.Applicant) 

(Address) 

(Operator) 

(Address) 

(Contractor  (s) ) 

(Address) 

the  provis  ons oYm C^TioT  C°YCt  fpl°ratl0"  operations  pursuant  to 

foliLn YsYbed  lanT UndYb*  UP°n  «“ 

or  maps  showing  lands  to  beenteredoJ  a Netted  by  tOWnShlP!  attaCh  ”ap 


The  type  of  operations  to  be  conducted  are 


(give  brief  description) : 


Exploration  operations  will  be  conducted  during  the  period  from 

Bond  attached:  $ wr.,™  ^ . 

Eider  to  NationwidTbW  £7;  «id.rL“£t°^b^ 

Authorized  Officer  thYeJp  Yati  Yoo0"^  • ^ underslSned  a8ree  to  notify  the 
in  conformance  with  the  general  and  sIlTIT  authorized  have  been  completed 
The  undersigned  agree  to\e  bo^nd  by  ?he  terms'^nd^o"  "ff*1"1"*  °f 
conduct  exploration  operations  to 
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EXHIBIT  III-A  (cont) 


The  undersigned  agree  that  the  filing  of  this  Notice  under  the  regulations 

A3  CFR  Subpart  3209  does  not  vest  or  confer  any  preference  right  to  a mineral 

lease . 

The  undersigned  agree  further  that  all  exploration  operations  shall  be  con- 
ducted pursuant  to  the  following  terms  and  conditions: 

1.  Exploration  operations  shall  be  conducted  in  compliance  with  all  Federal, 
State  and  local  laws,  ordinances,  or  regulations  which  are  applicable  to 
the  area  of  operations  including,  but  not  limited  to,  those  pertaining 

to  fire,  sanitation,  conservation,  water  pollution,  fish  and  game.  All 
operations  hereunder  shall  be  conducted  in  a prudent  manner. 

2.  Due  care  shall  be  exercised  in  protecting  the  described  lands  from  damage. 
All  necessary  precautions  shall  be  taken  to  avoid  any  damage  other  than 
normal  wear  and  tear  to  improvements  on  the  land  including,  but  not  limited 
to,  gates,  bridges,  roads,  culverts,  cattle  guards,  fences,  dams,  dykes, 
vegetative  cover,  improvements,  stock  watering  and  other  facilities. 

3.  All  drill  holes  shall  be  capped  when  not  in  use  and  appropriate  procedures 
shall  be  taken  to  protect  against  hazards  in  order  to  protect  the  lives, 
safety  or  property  of  other  persons  or  of  wildlife  and  livestock. 

A.  All  vehicles  shall  be  operated  at  a reasonable  rate  of  speed  and,  in  the 
operation  of  vehicles,  due  care  shall  be  taken  to  safeguard  livestock  and 
wildlife  in  the  vicinity  of  operations.  Existing  roads  and  trails  shall 
be  used  wherever  possible;  if  new  roads  and  trails  are  to  be  constructed, 
the  Authorized  Officer  must  be  consulted  prior  to  construction  as  to  loca- 
tion and  specifications.  Reclamation  and/or  reseeding  of  new  roads  and 
trails  shall  be  made  as  requested  by  the  Authorized  Officer. 

5.  Upon  expiration,  conclusion,  or  abandonment  of  operations  conducted  pur- 
suant to  this  notice  all  equipment  shall  be  removed  from  the  land,  and 
the  land  shall  be  restored  as  nearly  as  practicable  to  its  original  con- 
dition by  such  measures  as  the  Authorized  Officer  may  specify.  All  geo- 
physical holes  shall  be  safely  plugged.  The  Authorized  Officer  shall  be 
furnished  a "Notice  of  Completion  of  Exploration  Operations"  (Form  3209-2) 
immediately  upon  cessation  of  all  such  operations  and  shall  be  further  in- 
formed of  the  completion  of  reclamation  work  as  soon  as  possible. 

6.  Location  and  depth  of  water  sands  encountered  shall  be  disclosed  to  the 
Authorized  Officer. 

7.  Operator  shall  contact  the  Authorized  Officer  prior  to  actual  entry  upon 
the  land  in  order  to  be  apprised  of  practices  which  shall  be  followed  or 
avoided  in  the  conduct  of  exploration  operations  pursuant  to  the  terms 
of  this  Notice  and  applicable  regulations. 
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EXHIBIT  III-A  (cont) 


8.  Due  care  shall  be  exercised  to  avoid  scarring  or  removal  of  ground  vegeta- 
tive cover. 

9.  All  operations  shall  be  conducted  in  such  a manner  to  avoid:  (a)  blockage 

of  any  drainage  systems;  (b)  changing  the  character,  or  causing  the  pollu- 
tion or  siltation  of  rivers,  streams,  lakes,  ponds,  waterholes,  seeps  and 
marshes;  and  (c)  damaging  fish  and  wildlife  resources  or  habitat.  Cuts 

or  fills  causing  any  of  the  above-mentioned  problems  will  be  repaired  im- 
mediately in  accordance  with  specifications  of  the  Authorized  Officer. 

10.  Vegetation  shall  not  be  disturbed  within  300  feet  of  waters  designated 
by  the  Authorized  Officer,  except  at  approved  stream  crossings. 

11.  Surface  damage  which  induces  soil  movement  and/or  water  pollution  shall 
be  subject  to  corrective  action  as  required  by  the  Authorized  Officer. 

12.  Trails  and  campsites  shall  be  kept  clean.  All  garbage  and  foreign  debris 
shall  be  eliminated  as  required  by  the  Authorized  Officer. 

13.  Operator  shall  protect  all  survey  monuments,  witness  corners,  reference 
monuments,  and  bearing  trees  against  destruction,  obliteration,  or  damage. 

He  shall,  at  his  expense  reestablish  damaged,  destroyed  or  obliterated 
monuments  and  corners,  using  a licensed  surveyor,  in  accordance  with 
Federal  survey  procedures.  A record  of  the  reestablishment  shall  be  sub- 
mitted to  the  Authorized  Officer. 

14.  Operator  shall  make  every  reasonable  effort  to  prevent,  control,  or  suppress 
any  fires  started  by  the  operator  and  to  report  as  soon  as  possible  to  the 
Authorized  Officer  location  and  size  of  fires  and  assistance  needed  to  sup- 
press such  fires.  Operator  shall  inform  the  Authorized  Officer  as  soon 

as  possible  of  all  fires,  regardless  of  location,  noted  or  suppressed  by 
independent  action. 

15.  No  work  shall  be  done  within  one-quarter  mile  of  a developed  recreation 
site  without  specific  written  authority  from  the  Authorized  Officer.  Any 
travel  within  one-quarter  mile  of  a recreation  site  shall  be  over  existing 
roads  or  trails. 

16.  Use  of  explosives  within  one-fourth  mile  of  fishery  waters  is  prohibited 
unless  approved,  in  writing,  by  the  Authorized  Officer. 

17.  If  operations  conducted  under  the  provisions  of  this  Notice  causes  any 
damage  to  the  surface  of  the  national  resource  lands,  such  as,  but  not 
limited  to,  soil  erosion,  pollution  of  water,  injury  or  destruction  of 
livestock  or  wildlife,  or  littering,  operator  shall  within  48  hours  file 
with  the  Authorized  Officer  a map  showing  exact  location  of  such  damage 
and  a written  report  containing  operator's  plans  for  correcting  or  mini- 
mizing damage,  if  possible. 
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EXHIBIT  III-A  (cont) 


18.  Failure  to  comply  with  any  of  these  terms  and  conditions  shall  result 

in  immediate  shutdown  of  field  operations  until  deficiency  is  corrected. 
Failure  to  correct  deficiency  within  the  time  period  allowed  by  the 
Authorized  Officer  shall  result  in  forfeiture  of  bond. 

19.  The  Bureau  of  Land  Management  reserves  the  right  to  impose  a closure  of 
any  area  to  operators  in  periods  when  fire  danger  or  other  dangers  to 
natural  resources  are  severe. 

20.  Contractor  shall  be  liable  for  assuring  compliance  with  all  terms  and 
conditions  of  this  Notice  and  all  actions  of  his  designated  operator, 
agents  and  employees. 

21.  Special  Stipulations: 


Signature  of  Applicant  (Date)  Signature  of  Operator  (Date) 

Agreement:  We  hereby  agree  to  the  special  stipulations  added  and  made  a part 

of  this  Notice  to  conduct  exploration  operations. 


Signature  of  Holder  of  Notice  (Date)  Signature  of  Operator  (Date) 

Approved:  I hereby  approve  this  Notice  to  Conduct  Exploration  Operations. 


Signature  of  Authorized  Officer  (Date) 


Title 
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Form  3209-2 
(Sample) 


EXHIBIT  III-A  (cont) 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  LAND  MANAGEMENT 


NOTICE  OF  COMPLETION  OF  GEOTHERMAL  RESOURCES 
EXPLORATION  OPERATIONS 


Name 


Address 


Pursuant  to  the  Notice 


heretofore  filed  to  conduct  geothermal 


(Notice  Number) 

resource  exploration  operations,  this  is  to  advise  that 
completed , on  the  lands  described  in 


(Date) 


such  operations  were 


the  previousNotice . 


(Operator's  Signature) 


(Address) 


(Date) 


Instructions:  Operator  prepares,  in  duplicate,  upon  completion  of  exploratory 

work.  Send  original  to  case  file  and  retain  carbon. 
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operations  upon  the  resources  of  the  area  and  its  total 
environment . 

(b)  Prior  to  the  final  selection  of  tracts  for  leasing, 
the  director,  or  the  head  of  the  agency  charged  with  the  ad- 
ministration of  the  surface,  when  requested  by  the  Director, 
shall  evaluate  fully  the  potential  effect  of  the  leasing 
program  on  the  total  environment,  fish  and  other  aquatic 
resources,  wildlife  habitat  and  populations , aesthetics , 
recreation,  and  other  resources  in  the  entire  area  during 
exploratory,  developmental,  and  operational  phases.  This 
evaluation  will  consider  the  potential  impact  of  the  possible 
development  and  utilization  of  the  geothermal  resources  in- 
cluding the  construction  of  power  generating  plants  and 
transmission  facilities  on  lands  which  may  or  may  not  be 
included  in  a geothermal  lease.  To  aid  him  in  his  evaluation 
and  selection  of  tracts,  the  Director  may  request  and  consider 
the  views  and  recommendations  of  appropriate  Federal  agencies, 
may  hold  public  hearings  after  appropriate  notice,  and  may 
consult  with  State  agencies,  organizations,  industries,  and 
individuals,  and  shall  consider  all  other  potential  uses  of 
the  land  and  its  natural  resources. 

If  the  Director  determines  that  the  issuance  of  leases  in 
an  area  would  be  a major  Federal  action  significantly 
affecting  the  quality  of  the  human  environment,  he  shall 
issue  no  leases  in  that  area  until  an  environmental  im- 
impact  statement  under  section  102(2) (C)  of  the  National  En- 
vironmental Policy  Act  of  1969  (42  U.S.C.  4332(2) (C))  has 
been  issued. 

The  Director  shall  develop  special  terms  and  conditions  to 
be  included  in  leases  when  they  are  needed  to  protect  the 
environment,  to  permit  use  of  the  land  for  other  purposes, 
and  to  protect  other  natural  resources.  If  tracts  are  offered 
for  competitive  leasing,  any  terms  and  conditions  to  be  in- 
cluded in  leases  for  such  tracts  shall  be  published  in  the 
place  announcing  the  availability  of  the  land  for  leasing. 

The  procedures  are  designed  to  assure  that  adequate  environmental  evalua- 
tions are  made  prior  to  all  proposed  leasing  actions  and  that  all  leases 
contain  whatever  special  terms  and  conditions  heeded  to  protect  the 
environment,  to  permit  use  of  the  land  for  other  purposes,  and  to  protect 
other  natural  resources.  This,  in  turn,  provides  the  framework  within 
which  all  exploration,  resource  development,  construction  and  operations 
as  provided  for  within  each  lease  shall  be  conducted  and  controlled. 

Specific  Enforcement  Provisions 

As  appropriate,  specific  environmental  protection  provisions  are  included 
throughout  the  regulations.  However,  in  view  of  the  wide  variation  of 
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physical  factors  that  exist  among  individual  sites^  the  related  Federal, 
State  or  local  government  environmental  laws,  regulations  and  policies; 
the  need  for  additional  resource  and  environmental  information  on  a site- 
sensitive  and  subregional  basis;  potential  changes  in  exploration,  devel- 
opment and  use  technologies;  etc.,  the  regulations  generally  can  provide 
only  broad  guidelines  which  must  be  properly  interpreted,  translated, 
and  incorporated  into  each  lease  or  permit  based  upon  its  particular 
social,  economic,  land  use,  natural  resource,  environmental,  and  other 
significant  considerations 


Section  270.11  of  the  operating  regulations  provides  authority  to  the 
Supervisor  to  issue  detailed  written  GRO  Orders  to  implement  the  geother- 
m 1 regulations.  Such  orders  will  apply  to  operations  in  a given  area  or 
reg.on.  Orders  so  issued  will  form  a part  of  the  operating  regulations 

tZ,  riPP  ! Vrea  and  WiU  be  enforced  in  the  same  manner  as  the 
r Rn  n a • SuPervisor  als°  ™»y  prescribe  or  approve  variances  from 

GRO  Orders  (Section  270.48)  when  necessary  for  proper  control  of  a well 

po  ™ “ Z natural  resources , protection  of  human  health  and  safety, 

property,  or  the  environment.  J 

The  ba^ic  requirement  that  lessees  (including  operators)  take  all  reason- 
able precautions  to  prevent  all  types  of  adverse  environmental  effects  is 
given  m Section  270.30.  The  obligations  and  duties  of  lessees  as  related 

270  Arip1?ilm^aCtScare  S6t  f°rth  in  Section  270.40,  Well  control;  Section 
7-  > Pollution;  Section  270.42,  Noise  abatement;  Section  270  43  Land 

270  45enLeil"ahSeHiSmiC  aCtciVlty;  Secti0n  270-44-  P“s  - sumps;  Section^ 
270  45  Weil  abandonment;  Section  270.46,  Accidents;  and  Section  270  47 
Workmanlike  operations.  i°n  z/u*4/> 


Blowouts  or  uncontrolled  releases  of  steam  or  hot  water  are  a 

throughout  geothermal  operations.  The  worldwide  experience  in  the  past^™ 

ChLteraiII  rf  hmlSh?P!  °f  thiS  type  are  reviewed  under  Test  Drilling  in 
Chapter  III  of  this  statement.  Section  270.40  requires  the  lessee  orooera 

utilise ^ precautions  to  keep  all  wells  under  control  at  all  times  to 

and  maL^al's  and  to°mPetenf  perSOnne1’  to  P^perly  maintain  equipment 
suit"  ^ * us%safe  operating  practices.  Although  blowouts  re- 
ef the ^othermaj  TiTds  the  geologic  diversity 

i cne  geotnermai  fields,  blowouts  can  be  avoided  or  brought  under  control 

1972) 6 °S  approp^ata  techniclues  (English,  1964;  Bolton,  1964;  Cigni  et  al 
affect*  tl0n  2l0A 0 outlines  the  technical  considerations  essential  for 
Hwpreventive  and  correcti°nal  well  control  procedures  Se  selfc 
troUiL  fl  JPr  and  Uei8htS  °f  drllUn8  and  provision  for  con! 

apparent  geotherma^gradients^depths^nd^pressures^f  ^th^various  forma^ 


• » 
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Specific  requirements  related  to  accident  prevention  may  be  included  as 
lease  stipulations  or  by  GRO  Orders.  Section  270.46  requires  that  all 
accidents  on; leased  land  be  reported  to  the  Supervisor  within  24  hours  and 
that  full  reports  be  submitted  within  15  days.  This  provision  would  in- 
clude accidents  involving  blowouts.  Accidental  uncontrolled  release  of 
geothermal  fluids  at  abandoned  wells  are  preventable  by  the  provisions  of 
Section  270.45,  which  requires  approval  of  plugging  procedure  by  the 
Supervisor. 

Both  the  leasing  and  operating  regulations  provide  penalties  for  failure 
to  comply  with  appropriate  leasing  and  operating  regulations,  including 
failure  to  provide  environmental  protection.  Section  3244.3  of  the 
leasing  regulations  provides  for  termination  of  the  lease  after  due  notice 
for  any  violation  of  the  leasing  regulations  or  lease  terms.  Section 
3206  requires  separate  bonds  to  insure  compliance  with  the  terms  of  the 
lease  and  to  insure  protection  of  surface  rights.  Liability  under  any 
bond  will  not  be  terminated  until  all  lease  terms  and  conditions  have  been 
fulfilled. 

Section  270.12  of  the  operating  regulations  provides,  among  other  things, 
that  the  authorized  field  officials  of  the  Department  shall  inspect  and 
supervise  geothermal  operations  in  order  to  implement  the  regulations  to 
prevent  damage  to  natural  resources,  prevent  degradation  of  water  quality, 
protect  other  environmental  qualities,  and  prevent  injury  to  life  and  pro- 
perty. This  includes  inspection  and  supervision  of  operations  to  deter- 
mine whether  such  activity  would  cause  subsidence  of  the  land  surface  and, 
if  so,  whether  the  potential  subsidence  would  be  unacceptable  in  the 
circumstances.  This  section  also  provides  that  the  authorized  field  offi- 
cial shall  issue  orders  as  necessary  to  accomplish  these  purposes. 

Section  270.80  provides  that  whenever  a lessee  fails  to  comply  with  the 
provisions  of  the  regulations  or  lease  terms,  the  Supervisor  may  suspend 
all  of  the  lessee's  operations  under  his  jurisdiction  and  shall  give  the 
lessee  notice  to  remedy  the  faults  or  violations.  Failure  to  perform  or 
commence  the  required  remedial  action  will  result  in  the . suspension  of 
operations  and  may  result  in  cancellation  of  the  lease. 

Appeals  by  the  lessee  on  violations  may  be  made  to  higher  authorities 
(Section  270.90).  Compliance  with  any  order  issued  to  remedy  a violation 
shall  not  be  suspended  by  reason  of  such  appeal  except  as  authorized  by 
the  Director  of  the  Geological  Survey  or  the  Secretary,  conditioned  upon 
the  posting  and  acceptance  of  a bond  or  a determination  that  reinstatement 
will  not  be  detrimental  to  the  lessor. 

a.  Land  Resources 

The  Geothermal  Steam  Act  of  1970  excludes  certain  public,  acquired,  and 
Indian  lands  from  the  geothermal  leasing  program  to  protect  their  special 
land  use  values  or  the  unique  characteristics  of  these  lands.  These  include: 
lands  administered  by  the  National  Park  Service;  lands  within  national  recre- 
ation areas;  lands  used  for  fish  hatcheries;  wildlife  refuges,  wildlife  or 
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game  range  lands,  wildlife  management  areas,  waterfowl  production  areas,  or 
lands  reserved  to  protect  and  conserve  species  threatened  with  extinction;  and 
Indian  lands.  These  excepted  lands  are  also  described  under  Section  3201.1-6 
of  the  leasing  regulations.  In  addition,  lands  administered  by  the  Depart- 
ment of  Agriculture,  such  as  national  forest  and  wilderness  lands,  and  lands 
withdrawn  under  the  Federal  Power  Act  (16  U.S.C.  818)  may  be  leased  for 
geothermal  development  only  with  the  consent  and  under  the  conditions  pre- 
scribed by  the  agency  heads  administering  these  lands.  Geothermal  resources 
on  lands  withdrawn  or  acquired  in  aid  of  functions  of  the  Department  of  the 
Interior  may  be  leased  only  if  it  has  been  determined  that  such  leasing 
will  not  be  contrary  to  the  purpose  for  which  the  land  was  withdrawn. 

In  addition  to  restricting  certain  areas  from  geothermal  leasing,  Section 
3200.0-6(b)  of  the  leasing  regulations  requires  that  developments  on 
adjacent  lands,  both  public  and  private,  must  be  evaluated  prior  to  geo- 
thermal leasing,  to  consider  the  impact  of  geothermal  development  on 
surrounding  land  uses.  Incompatibility  of  land  use  can  eliminate  certain 
areas  from  prospective  geothermal  leasing.  Geothermal  activities  on 
leased  lands  must  be  conducted  in  such  a manner  as  to  prevent  unreasonable 
interference  with  multiple  use  of  lands  (Sections  270.11  and  270.15  (f))  of 
the  operating  regulations). 

Land  use  in  the  vicinity  of  geothermal  developments  will  be  changed  by  the 
construction  of  roads,  wells,  pipelines,  powerlines,  powerplants,  arid  by- 
product facilities  associated  with  industrial  development.  Land  used  for 
agriculture,  forestry,  grazing,  fish  and  wildlife  habitat,  recreation, 

-and  water  supply  will  be  disturbed  in  varying  degrees.  Mitigating  mea- 
sures to  control,  reduce,  or  overcome  adverse  impacts  on  land  resources 
from  geothermal  developments  include  actions  such  as  land-use  planning, 
environmental  evaluations  and  monitoring,  sound  engineering  and  construc- 
tion processes,  land  reclamation,  maintenance  of  neat  and  orderly  opera- 
tions, provision  for  public  access,  subsidence  prevention,  etc. 

Comprehensive  planning,  beginning  with  the  earliest  stages  of  a geothermal 
leasing  program  and  continuing  through  full-scale  operations,  can  contri- 
bute greatly  to  harmonious  layout  and  design,  appropriate  utilization  of 
land  surface,  minimum  heat  loss,  environmental  protection,  and  general 
efficiency.  If  there  is  authorized  existing  use  of  the  land  surface  for 
nongeothermal  purposes,  geothermal  development  would  not  be  allowed  to 
unreasonably  interfere  with  the  continued  utilization  of  the  surface  for 
such  purposes  (Section  3200.0-8  of  the  leasing  regulations). 

Although  geothermal  development  may  have  a negative  impact  on  certain  land 
uses,  it  may  have  a positive  value  in  providing  greater  public  access  to 
remote  or  isolated  areas.  Creation  of  new  access  routes  or  improvement  of 
existing  access  roads  can  open  new  areas  to  multiple-use  development.  Such 
routes  also  can  serve  as  fire  breaks  or  provide  access  for  fire  protection 
in  areas  subject  to  grass,  brush  or  forest  fires. 
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Geothermal  developers  on  Federal  lands  are  required  to  take  aesthetics  into 
account  during  planning,  design  and  construction  of  facilities  (Section 
3204.1  (f)).  Leases  will  include  provisions  that,  to  the  extent  practicable, 
structures,  including  power-transmission  facilities  and  enclosures  for 
generating  plants,  be  designed  to  meet  existing  local  or  other  applicable 
architectural  standards.  The  facilities  should  be  designed  to  blend  har- 
moniously with  the  surrounding  environment  and  to  have  a reasonably  artis- 
tic and  pleasant  appearance  in  accordance  with  Environmental  Criteria  for 
Electrical  Transmission  Systems  (1970). 

Each  operator  is  required  to  maintain  the  lease  lands  in  a safe  and  work- 
manlike manner  at  all  times  and  to  remove  or  store  all  supplies  and  scrap 
in  an  orderly  fashion  (Section  270.47). 

Geothermal  developments  on  lands  known  or  suspected  to  contain  archeolo- 
gical, paleontological,  or  historical  sites  must  be  conducted  to  protect 
or  preserve  these  sites  in  accordance  with  Section  3204.1(h)  of  the 
leasing  regulations,  specific  lease  stipulations,  and  with  the  regula- 
tions set  forth  in  43  CFR,  Part  3 requires  that  historical  sites  be  pre- 
served in  place  whenever  possible;  requires  that  proper  officials  be 
notified  of  the  discovery  of  new  sites;  provides  for  arrest  for  unauthor- 
ized removal  or  destruction  of  artifacts  or  structures;  and  for  confis- 
cation of  any  articles  removed  from  the  site. 

Section  3204.1(b)  of  the  leasing  regulations  provides  for  free  and  unres- 
tricted public  access  to  geothermal  lease  lands.  Restrictions  on  access, 
where  necessary  to  protect  public  health  and  safety  or  where  access  would 
unduly  interfere  with  geothermal  operations,  are  not  allowed  without 
prior  approval.  Warnings,  fencing,  flag  men,  barricades,  and  other  safety 
measures  must  be  provided  by  the  lessee  to  protect  the  public,  wildlife, 
and  livestock  from  hazardous  geothermal-related  activities. 

Lands  will  be  disturbed  as  a result  of  geothermal  leasing  and  development 
activity.  Numerous  provisions  for  the  restoration  of  land  surfaces  upon 
abandonment  or  completion  of  geothermal  activities  are  included  in  the 
leasing  and  operating  regulations.  Section  3204. l(i)  requires  restoration 
of  all  disturbed  lands  in  a manner  approved  by  the  Supervisor.  Section 
3209.3  requires,  upon  completion  of  exploratory  operations,  that  the  Dis- 
trict Manager  will  notify  the  lessee  whether  any  additional  measures  must 
be  taken  to  rectify  any  damage  to  the  land.  Section  3244.1(2) (a)  requires 
that  upon  relinquishment  of  a lease,  a statement  be  submitted  as  to  whether 
the  relinquished  land  had  been  disturbed  and,  if  so,  whether  it  was  re- 
stored as  prescribed  by  the  terms  of  the  lease.  Appropriate  compliance 
inspections  will  be  made. 

Section  270.41  of  the  operating  regulations  requires  that  the  lessee  shall 
comply  with  all  Federal  and  State  standards  with  respect  to  the  control 
of  all  forms  of  air,  land,  water,  and  noise  pollution,  including,  but  not 
limited  to,  the  control  of  erosion  and  the  disposal  of  liquid,  solid,  and 
gaseous  wastes.  The  Supervisor  may,  in  his  discretion,  establish  addi- 
tional and  more  stringent  standards.  Section  270.44  requires  that  when 
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no  longer  needed,  pits  and  sumps  will  be  filled  and  covered  and  the  pre- 
mises restored  to  a near-natural  state  as  prescribed  by  the  Supervisor. 
Section  270.45  requires  that  the  premises  at  the  well  site  shall  be  re- 
stored as  near  as  reasonably  possible  to  its  original  condition  immediately 
after  plugging  operations  are  completed  on  any  well,  except  as  authorized 
by  the  Supervisor.  Section  270.46  requires  notification  of  the  Supervisor 
on  all  acidents  on  the  lease  and  reports  on  same. 

Proper  reclamation  and  revegetation  of  lands,  during  geothermal  develop- 
ment and  at  completion  of  geothermal  activities,  can  reduce  the  size  of, 
or  restore,  denuded  areas  which  will  result  in  decreased  dust  generation 
and  soil  erosion.  Revegetation  practices  and  chemical  stabilization 
techniques  have  been  developed  for  various  soil  types  and  climatic  and 
topographic  conditions.  Many  of  these  techniques,  developed  for  use  by 
highway  departments,  mining  companies,  park  and  recreational  groups,  land- 
scape architects,  and  Federal,  State  and  local  governmental  agencies  can 
be  directly  applied  to  reclamation  of  geothermal  lease  lands.  Specific 
revegetation  methods  will  be  specified  by  GRO  Order  or  lease  stipulation. 

Section  3204.1(d)  of  the  leasing  operations  additionally  requires  the 
lessee  to  remove  or  dispose  of  all  waste,  including  but  not  limited  to, 
human  waste,  trash,  garbage,  refuse,  petroleum  products,  and  extraction 
and  processing  waste  generated  in  connection  with  the  operation,  in  a 
manner  acceptable  to  the  Supervisor. 

GRO  Orders  or  lease  stipulations  will  be  issued  as  appropriate  to  require 
specific  land  reclamation  activities  which  are  not  mentioned  in  the  lea- 
sing and  operating  regulations.  In  addition  to  restoring  disturbed  lands, 
the  lessee  is  required  to  provide  erosion  controls  to  prevent  degradation 
of  the  land,  disturbance  of  vegetation,  and  stream  damage  (Section  3204.1 
(c)(4)  and  Section  270.41). 

Subsidence  of  the  ground  surface  over  and  around  a geothermal  reservoir 
may  result  from  the  withdrawal  of  geothermal  fluids.  The  lessee  is 
required  by  Section  3204.1(e)  of  the  leasing  regulations  to  take  precau- 
tions necessary  to  minimize  subsidence,  including  the  maintenance  of 
subsidence  monitoring  equipment  where  stipulated.  Subsidence  may  be 
controlled  through  the  use  of  reinjection  wells  to  return  fluids  to  the 
reservoir  formation  or  to  formations  with  direct  hydrologic  communica- 
tion with  the  reservoir  formation. 

Some  degree  of  subsidence  may  be  tolerable  at  certain  geothermal  lease 
areas  while  at  other  locations,  such  as  agricultural  areas  in  the  Imperial 
Valley,  even  slight  amounts  of  subsidence  could  affect  irrigation  systems 
or  other  land  uses.  The  quantity  of  fluid  reinjected  to  stabilize  an  area 
like  Imperial  Valley  may  have  to  equal  or  exceed  the  quantity  of  fluid  with- 
drawn. In  noncritical  areas,  the  reinjection  of  waste  geothermal  fluids 
may  be  sufficient  to  prevent  undue  subsidence  of  the  surface. 


Certain  geothermal  areas  may  presently  be  subsiding  from  natural  causes 
unrelated  to  geothermal  fluid  production.  Monitoring  of  the  land  surface 


III-52 


prior  to  commencement  of  geothermal  exploration  activity  can  aid  in 
determining  the  general  stability  of  the  lease  lands.  Level  networks 
established  by  the  State  of  California  and  the  National  Geodetic  Survey 
(NGS)  in  the  Imperial  Valley  prior  to  geothermal  production  activity 
will  provide  a frame  of  reference  for  monitoring  of  subsidence.  Level- 
ing for  a similar  network  for  The  Geysers  area  is  programmed  by  NGS  for 
1973.  Detection  of  subsidence  attributable  to  geothermal  production 
activity  may  indicate  that  sufficient  quantities  of  fluid  are  not  being 
reinjected.  Increasing  the  reinjection  rate  may  stabilize  the  area 
against  further  subsidence  but  probably  will  not  result  in  raising  of 
the  land  surface  to  its  original  elevation. 

GRO  Orders  and  lease  stipulations  will,  as  appropriate,  be  attached  to 
the  lease  provisions  to  insure  that  necessary  subsidence  prevention 
measures  are  practiced  by  the  lessee.  In  areas  where  subsidence  cannot 
be  tolerated,  geothermal  leasing  may  not  be  environmentally  feasible. 

The  fact  that  geothermal  areas  occur  in  close  association  with  earthquake 
zones  must  be  considered  fully  in  the  lay  out  of  the  facilities  and 
design  of  structures,  particularly  those  handling  superheated  steam  or 
hot  water.  The  construction  of  separators,  pipelines,  transformer  sta- 
tions, and  other  mechanical  and  electrical  equipment,  as  well  as 
buildings,  must  be  in  accordance  with  current  earthquake  engineering 
practices.  Although  it  is  not  possible,  at  present,  to  either  predict 
when  an  earthquake  may  occur  or  to  prevent  earthquakes,  the  evaluation 
of  the  historical  record  and  potential  natural  seismicity  provides  a 
basis  for  rational  seismic  design. 

Careful  records  are  to  be  maintained  on  production  and  reinjection  rates 
and  pressures  of  geothermal  fluids.  Provisions  for  monitoring  seismicity 
of  the  field  before  and  during  production  may  be  stipulated  as  set  forth 
in  Section  3204.1(e)  of  the  leasing  regulations.  If  monitoring  indicates 
a significant  increase  in  seismicity,  particularly  in  intensity  of  mo- 
tion, remedial  steps  as  required  by  the  lease  or  deemed  necessary  by  the 
Supervisor  will  be  initiated  (Section  270.43).  These  remedial  steps 
include  limiting  the  rate  of  withdrawal  or  reinjection  in  the  area  of 
increased  seismicity. 

b.  Air  Resources 

General  provisions  for  prevention  of  air  pollution  and  related  employee 
health  and  safety  are  included  in  the  proposed  leasing  regulations, 
Sections  3204.1(c)(3),  3204.1(c)(5),  and  3210.2-1,  and  in  the  proposed 
operating  regulations,  Sections  270.30,  270.40,  270.41,  and  270.46.  In 
addition,  the  various  Federal  and  State  regulations  dealing  with  air 
quality  are  applicable;  lease  stipulations  or  GRO  Orders  may  be  issued 
(Section  270.11);  and  technologic  means  may  allow  mitigation  of  air 
pollution  and  related  health  and  safety  hazards. 
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Air  Quality 

Dust  generated  by  movement  of  vehicles  and  airborne  dust  resulting  from 
earthmoving  and  construction  activity  contributes  particulate  matter  to 
the  atmosphere.  National  and  State  primary  and  Secondary  ambient  air 
quality  standards  for  total  particulates  and  certain  gases  in  the  atmos- 
phere are  shown  in  Tables  III-9  and  III-10.  Methods  are  available  to 
treat  roads  and  construction  sites  to  minimize  dust  generation.  Watering 
of  roadways  and  excavations  holds  down  dust  and  is  a method  frequently 
used  on  temporary  roads  during  periods  of  heavy  traffic.  Oiling  or 
chemical  treatment  of  roads  is  more  effective  in  reducing  dust  but  is 
more  expensive  than  watering  and  is  generally  restricted  to  use  on  more 
permanent  roads.  Paving  of  roads  with  asphalt  or  concrete  provides  a 
long-term  solution  to  vehicle-generated  dust  but,  due  to  cost,  is  gen- 
erally used  only  for  permanent  roads.  Paving  can  be  expected  only  if 
powerplants  are  constructed  in  a geothermal  field.  GRO  Orders  to  con- 
trol the  generation  of  dust  can  be  issued  by  the  Supervisor  under  Section 
270.41  of  the  operating  regulations. 

Vehicle  and  power  source  emissions  contribute  to  total  air-quality  de- 
gradation to  which  State  and  National  primary  and  secondary  ambient  air 
quality  standards  apply.  Pollution  from  motor  vehicle  engines  and  inter- 
nal combustion  power  sources  is  in  part  regulated  by  40  CFR  85,  Control 
of  Pollution  From  Motor  Vehicles  and  New  Motor  Vehicle  Engines.  These 
regulations  apply  to  new  vehicles  but  are  not  applicable  after  the 
vehicle  or  engine  passes  to  the  user.  Modifications  or  lack  of  main- 
tenance on  engines  can  decrease  the  effectiveness  of  pollution-control 
devices.  In  California,  the  State  Motor  Vehicle  Pollution  Control  Stan- 
dards, which  currently  are  more  strict  than  the  Federal  standards,  are 
applicable.  GRO  Orders  can  be  issued  to  reduce  emmissions  from  vehicles 
and  internal-combustion  power  sources. 

Release  of  gases  and  vapors  associated  with  geothermal  steam  to  the  at- 
mosphere must  be  in  accord  with  National  and  State  primary  and  secondary 
ambient  air  quality  standards,  safety  and  health  standards,  lease  stipu- 
lations and  any  GRO  Orders.  The  National  Primary  and  Secondary  Ambient 
Air  Quality  Standards,  40  CFR  50,  as  established,  deal  with  only  one  gas, 
carbon  monoxide,  associated  with  geothermal  fluids.  (Table  III-9).  Dis-* 

charge  of  carbon  monoxide  from  geothermal  sources  must  meet  this  stan- 
dard. 

State  ambient  air  quality  standards  for  those  western  states  with  poten- 
tial for  geothermal  development  are  summarized  in  Table  III-10.  For  the 
most  part,  these  State  standards  apply  only  to  carbon  monoxide  and  parti- 
culate matter.  Some  states  have,  however,  established  standards  for  dust 
and  hydrogen  sulfide.  Geothermal  developments  must  conform  to  the  appli- 
cable State  ambient  air  quality  standards.  In- addition  to  the  ambient 
standards,  any  geothermal  development  which  takes  place  within  certain 
designated  State  a*r  basins  must  meet  any  additional  standards  for  that 
basin.  Many  such  standards  are  being  formulated  at  the  present  time. 
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Table  III-9.  National  primary  and  secondary  ambient  air  quality 

standards  for  carbon  monoxide  and  particulates 


Carbon  Monoxide 


Primary 


Secondary 


10  milligrams  per  cubic  meter  (9  ppm) 

Maximum  8-hour  concentration  not  to  be 
exceeded  more  than  once  per  year 

40  milligrams  per  cubic  meter  (35  ppm) 

Maximum  1-hour  concentration  not  to  be 
exceeded  more  than  once  per  year 


Particulate  Matter 


Primary  75  micrograms  per  cubic  meter  (annual 

geometric  mean) 

260  micrograms  per  cubic  meter 

Maximum  24-hour  concentration  not  to 
be  exceeded  more  than  once  per  year 

Secondary  60  micrograms  per  cubic  meter  (annual 

geometric  mean) 

150  micrograms  per  cubic  meter 

Maximum  24-hour  concentration  not  to 
be  exceeded  more  than  once  per  year 
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100  microg 
24-hour  ma: 


State  ambient  air  quality  standards  for  States  with  geothermal  potential  (continued) 
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State  ambient  air  quality  standards  for  States  with  geothermal  potential  (continued) 
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Table  III— 10  (cont) 
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more  than  15%  of  the  samples  area  if  visual  observa- 

collected  in  any  calendar  tions  show  a presence  of 

month  wood  waste  or  soot  and  the 

volatile  fraction  of  the 
sample  exceeds  70% 


State  ambient  air  quality  standards  for  States  with  geothermal  potential  (continued) 
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State  ambient  air  quality  standards  for  States  with  geothermal  potential  (continued) 
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Standards  for  air  contaminants  established  pursuant  to  the  Occupational 
Safety  and  Health  Act  of  1970  (PL  91-596)  for  these  gases  and  vapors 
associated  with  geothermal  fluids  are  as  follows 

Subpart  G - Occupational  Health  and  Environmental  Control  1910.93 

Air  contaminants  (gases,  vapors,  fumes,  dust,  and  mists) 

(a)  Exposures  by  inhalation,  ingestion,  skin  absorption,  or 
contact  to  any  material  or  substance  (1)  at  a concentration 
above  these  specified  in  the  "Threshold  Limit  Values  of  Air- 
borne Contaminants  for  1970"  of  the  American  Conference  of 
Governmental  Industrial  Hygienists,  listed  in  Table  G-l, 
except  for  the  American  National  Standards  listed  in  Table 
G-2  of  this  section  and  except  values  of  mineral  dusts  listed 
in  Table  G-3* *of  this  section,  and  (2)  concentrations  above 
these  specified  in  Tables  G-l,  G-2,  and  G-3*of  this  section, 
shall  be  avoided,  or  protective  equipment  shall  be  pro- 
vided and  used. 

(b)  To  achieve  compliance  with  paragraph  (a)  of  this  sec- 
tion, feasible  administrative  or  engineering  controls  must 
first  be  determined  and  implemented  in  all  cases.  In  cases 
where  protective  equipment,  or  protective  equipment  in  addi- 
tion to  other  measures,  is  used  as  the  method  of  protecting 
the  employee,  such  protection  must  be  approved  for  each  speci- 
fic application  by  a competent  industrial  hygienist  or  other 
technically  qualified  source. 

p..p.ma  mg/M3b 

Ammonia  50  35 

Carbon  dioxide  5,000  9,000 

Carbon  monoxide  50  55 

a.  Parts  of  vapor  or  gas  per  million  parts  of  contaminated  air  by 
volume  at  25 °C.  and  760  mm  Hg  pressure. 

b.  Approximate  milligrams  of  particulate  per  cubic  meter  of  air. 


Table  G-l 
Substance 


Table  G-2 

Substance  Acceptable  ceiling  concentration 

Hydrogen  sulfide  20  p.p.m. 

(37.2  - 1966) 

Mercury  1 mg  / 10  m3 

(37.8  1971) 


Federal  Register,  Saturday,  May  29,  1971,  Washington,  D.C., 
Volume  36,  Number  105,  Occupational  Safety  and  Health 
Administration  pp.  10465-10714 

* Table  G-3  not  directly  applicable  so  not  quoted  here. 
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The  venting  of  steam  to  the  atmosphere  can  create  an  adverse  environ- 
mental impact  if  the  steam  contains  significant  amounts  of  noxious  gases. 
Venting  of  noncondensible  gases  to  the  atmosphere  in  many  instances  would 
require  sufficient  removal  or  dilution  of  the  gases  to  meet  ambient  air 
quality  standards  particularly  where  the  point  source  may  be  in  excess  of 
the  standards.  It  is  likely  that  many  natural  geothermal  phenomena  in 
these  areas  are  contributing  quantities  of  I^S  and  other  gases  to  the 
atmosphere  which  may  be  in  excess  of  National  or  State  standards.  Moni- 
toring of  air  quality,  both  before  and  after  geothermal  development, 
is  necessary  to  properly  fix  the  sources  of  air  pollution  and  to  deter- 
mine control  actions  to  be  required.  Under  provision  of  Section  270.41 
of  the  operating  regulations,  the  Supervisor  may  establish  more  stringent 
air  quality  standards  for  a geothermal  lease  through  the  issuance  of 
GRO  orders. 

Although  removal  of  noxious  gases  is  chemically  possible  using  various 
new  techniques,  the  economic  justification  of  such  systems  remains  to  be 
established.  There  are  good  indications  that  systems  can  be  developed 
which  will  remove  noxious  gases  and  vapors  from  geothermal  steam  at  the 
power  plants.  Although  no  such  system  has  yet  been  installed  at  any 
geothermal  power  plant,  research  is  being  conducted  to  evaluate  a variety 
of  removal  systems  which  are  being  used  by  other  industries,  particularly 
the  petroleum  refining  industry.  The  Pacific  Gas  and  Electric  Company's 
research  relative  to  its  Geysers  installations  has  achieved  abatement  of 
70  percent  of  cooling  tower  H2S  emissions.  Over  90  percent  abatement 
was  achieved  over  short  time  periods. 

Analysis  will  be  required  to  determine  the  presence  and  quantity  of  mer- 
cury vapor  which  may  be  present  in  geothermal  fluids  or  gasses.  Although 
there  are  no  National  or  State  air  quality  standards  for  mercury,  there 
are  occupational  safety  and  health  standards  which  are  applicable  to  the 
discharge  of  mercury.  Research  is  required  to  establish  National  or 
State  primary  and  secondary  emission  standards  for  this  element.  Each 
geothermal  project  will  have  to  be  individually  evaluated  to  ascertain 
if  mercury  is  a potential  problem  as  a basis  for  establishing  related 
stipulations  and  control  measures. 

Maximum  permissible  concentration  of  radionuclides  in  air  for  occupational 
exposures  as  established  by  the  Atomic  Energy  Commission  (10  CFR  150.20) 
for  those  radionuclides  which  may  be  associated  with  geothermal  resources 
are: 


Radionuclide 

Organ  of 
Reference 

Maximum  Permissible 
Mc/cc  * 
40-hour  week 

Exposures 
Mc/cc  * 
168-hour  week 

Ru  220 

Lung 

3x10 

3x10 

1x10  _7 
1x10  “8 

Ru  222 

Lung 

Ra  223 

Total  Body 

3x10  “9 

1x10  "9 

Ra  224 

Total  Body 

8x10  ’9 

3x10 

Ra  226 

Total  Body 

5x10  -11 

2x10  -11 

Ra  228 

* Microcuries 

Total  Body 
per  cc. 

9x10  -11 

3x10  -11 
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Occupational  exposures  to  radioactive  substances  can  be  readily  determined 
through  the  use  of  personal  film  exposure  badges  worn  by  employees.  If 
radioactive  elements  are  detected  in  the  steam  in  sufficient  quantities 
in  excess  of  background  levels,  film  badges  will  be  required.  The  influ- 
ence on  air  quality  due  to  release  of  radon  gas  also  must  be  determined 
as  air  quality  standards  do  not  exist  for  such  material.  Extraction  of 
radioactive  substances  from  geothermal  steam  is  not  now  possible.  If 
these  concentrations  should  be  sufficiently  large  to  pose  an  unaccept- 
table  health  or  safety  hazard,  operations  would  have  to  be  terminated. 

Concentration  of  airborne  asbestos  fibers  in  working  areas  during  fabri- 
cation and  installation  of  asbestos  insulation  must  conform  to  the  stan- 
dards established  in  40  CFR  61,  subpart  B,  "The  National  Emissions  Stan- 
dards for  Asbestos."  Protective  devices  for  workers  may  be  required  or 
different  forms  of  insulation  such  as  fiberglas  may  be  substituted  for 
asbestos  if  asbestos  fibers  cause  a health  hazard.  GRO  Orders  may  be 
issued  by  the  Supervisor  under  Section  270.41  of  the  operating  regula- 
tions requiring  more  stringent  standards  for  asbestos  emissions. 

Disposal  and/or  burning  of  trash  and  wastes  on  Federal  lands  is  regulated 
under  provisions  of  40  CFR  176,  "Prevention,  Control,  and  Abatement  of 
Air  Pollution  From  Federal  Government  Activities;  Performance  Standards 
and  Techniques  of  Measurement."  As  the  geothermal  leasing  program  and 
subsequent  operations  constitute  a government  activity  on  Federal  land, 
the  provisions  of  this  regulation  apply  to  the  lessee.  In  addition,  the 
Supervisor  may  issue  GRO  Orders  under  Section  270. 12  setting  more  strin- 
gent standards  or  prohibiting  burning  or  disposal  of  trash.  Under  Section 
270.47,  "The  lessee  shall  remove  from  the  property  or  store,  in  an 
orderly  manner,  all  scrap  or  other  materials  not  in  use."  Thus,  under 
provisions  of  both  the  leasing  and  operating  regulations  the  lessee  may 
be  required,  both  during  and  upon  termination  of  the  lease,  to  remove 
waste  materials  from  the  property. 

Although  the  potential  for  accidental  fires  exists,  safeguards  will  be 
required  to  minimize  this  potential.  Instructions  and  notices  to  field 
personnel  regarding  fire  prevention  methods,  installation  of  spark 
arrestors  on  engines,  development  of  contingency  plans  for  rapid  extin- 
guishment of  accidental  fires,  and  strategic  location  of  firefighting 
equipment  are  examples  of  action  to  be  used  in  preventing  or  controlling 
accidental  fires. 

Noise 


Noise  due  to  steam  ejection  or  expansion,  drilling  operations,  construction 
activity,  and  other  related  geothermal  activities  may  pose  serious  health 
and  environmental  hazards.  Federal  occupational  noise  exposure  levels 
which  apply  to  geothermal  activity  have  been  established  pursuant  to  Sec- 
tions 6(a)  and  8(g)  of  PL  91-596,  "The  Occupational  Safety  and  Health 
Act  of  1970,"  and  appear  as  regulations  in  29  CFR  1910  as  follows: 
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OCTAVE  BAND  SOUND  PRESSURE  LEVEL 
IN  DECIBELS 


1910 o95  Occupational  noise  exposure 

(a)  Protection  against  the  effects  of  noise  exposure  shall 
be  provided  when  the  sound  levels  exceed  those  shown 
in  Table  B-16  when  measured  on  the  A scale  of  a standard 
sound  level  meter  at  slow  response.  When  noise  levels 
are  determined  by  octave  band  analysis,  the  equivalent 
A-weighted  sound  level  may  be  determined  as  follows: 


> 
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Equivalent  sound  level  contours.  Octave  band  sound 
pressure  levels  may  be  converted  to  the  equivalent 
A-weighted  sound  level  by  plotting  them  on  this  graph 
and  noting  the  A-weighted  sound  level  corresponding  to 
the  point  of  highest  penetration  into  the  sound  level, 
which  may  differ  from  the  actual  A-weighted  sound  level 
of  the  noise,  is  used  to  determine  exposure  limits  from 

Table  G-16. 
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(b)  (1)  When  employees  are  subjected  to  sound  exceeding 

those  listed  in  Table  G-16,  feasible  administrative  or 
engineering  controls  shall  be  utilized.  If  such  con- 
trols fail  to  reduce  sound  levels  within  the  levels  of 
Table  G-16,  personal  protective  equipment  shall  be 
provided  and  used  to  reduce  sound  levels  within  the 
levels  of  the  table. 

(2)  If  the  variations  in  noise  level  involve  maxima  at 
intervals  of  1 second  or  less,  it  is  to  be  considered 
continuous. 

(3)  In  all  cases  where  the  sound  levels  exceed  the 
values  shown  herein,  a continuing,  effective  hearing 
conservation  program  shall  be  administered. 

Table  G-16 — Permissible  Noise  Exposures:  — ^ 

Sound  level 


dBA  slow 

Duration  per  day,  hours  response 

8 90 

6 92 

4 95 

3 97 

2 100 

1 1/2  102 

1 105 

1/2  110 

1/4  or  less 115 


1/  When  the  daily  noise  exposure  is  composed  of  two 
or  more  periods  of  noise  exposure  of  different 
levels,  their  combined  effect  should  be  consid- 
ered, rather  than  the  individual  effect  of  each. 
If  the  sum  of  the  following  fractions: 

C1/T1+C2/T2 . When  Cn/lh  exceeds  unity,  then,  the 
mixed  exposure  should  be  considered  to  exceed 
the  limit  value.  Cn  indicates  the  total  time  of 
exposure  at  a specified  noise  level  and  Tn  indi- 
cates the  total  time  of  exposure  permitted  at 
that  level. 

Exposure  to  impulsive  or  impact  noise  should  not 
exceed  140  dB  peak  sound  pressure  level. 
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In  addition  to  the  Federal  standards,  many  states  have  issued  occupational 
noise  standards  to  protect  workers.  Where  such  State  standards  are  more 
restrictive  than  Federal  standards,  they  will  apply  to  geothermal  activi- 
ties in  lieu  of  Federal  standards.  (Occupational  noise  standards  gener- 
ally require  that  workers  be  equipped  with  protective  devices  if  noise 
levels  exceed  certain  levels  rather  than  requiring  that  the  noise  levels 
be  reduced.) 

Noise  levels  which  may  be  objectionable  to  residents  adjacent  to  geothermal 
lease  areas  are  more  difficult  to  evaluate.  In  general,  a noise  is  objec- 
tionable whenever  its  level  exceeds  by  a certain  margin  that  of  the  pre- 
existing background  noise,  or  when  it  attains  a certain  absolute  level. 

At  present,  there  are  no  Federal  standards  for  objectionable  noise  asso- 
ciated with  geothermal  activity.  As  Federal  or  State  government 
noise  standards  are  formulated,  they  will  apply  to  geothermal  activity 
as  appropriate  under  Section  270.41  of  the  operating  regulations. 

Geothermal  development  standards  have  been  adopted  by  Imperial  County, 
California,  and  have  been  proposed  for  several  other  California  counties 
with  prospects  for  geothermal  development.  The  Imperial  County  stand- 
ards include  provisions  for  noise  abatement.  Although  these  county  stan- 
dards are  not  legally  applicable  to  Federal  leases,  as  appropriate  such 
standards  will  be  adopted  as  lease  stipulations  or  GRO  Orders  and  applied  to 
Federal  leases.  The  Imperial  County  noise  standards  are: 

Classification  of  Standards 


(a)  Class  I Standards: 

Class  I Standards  shall  apply  to  any  exploratory  Geothermal  Well,  or 
Geothermal  Production  Site  in  Imperial  County. 

(b)  Class  II  Standards: 

Class  II  Standards  shall  apply  in  addition  to  the  Class  I Standards, 
to  any  Exploratory  Geothermal  Well  or  Geothermal  Production  Site  ad- 
jacent or  near  existing  development  as  determined  by  the  Planning  Com- 
mission. 

(c)  Class  I Drilling  Standards: 

(1)  Each  operator  shall  limit  the  continuous  generation  of  wide  band 
noise  to  that  shown  on  the  chart.  The  level  shown  may  be  ex>- 
ceeded  by  10%  if  the  noise  is  intermittent  and  during  daylight  hours. 
The  noise  levels  shall  be  measured  at  the  parcel  boundary. 

(2)  Sound  pressure  levels  shall  be  measured  at  the  points  specified  and 
shall  be  measured  with  a sound  level  meter  and  associated  octave 
band  analyzer  conforming  to  standards  prescribed  by  the  United 
States  of  America  Standards  Institute. 
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(3)  The  foregoing  graph  shall  conform  to  standard  units  of  measurement 
in  accordance  with  United  States  of  America  Standards  Institute 
Code,  S-l. 11-1966,  Appendix  A. 

(d)  Class  II  Drilling  Standards: 

(1)  All  work  in  preparation  of  the  site  for  drilling  shall  be  done 
between  the  hours  of  7:00  a.m.  and  7:00  p.m. 

(2)  The  Planning  Commission  shall  direct  which  Noise  Level  curve  as 
shown  on  the  chart  shall  apply.  Each  operator  shall  limit  the 
continuous  generation  of  wide  band  noise  to  that  required.  The 
level  may  be  exceeded  by  10%  for  any  one  occurrence  if  the  noise 
is  intermittent  and  during  daylight  hours. 

(3)  Sound  pressure  levels  shall  be  measured  at  the  points  specified 
and  shall  be  measured  with  a sound  level  meter  and  associated 
octave  band  analyzer  conforming  to  standards  prescribed  by  the 
United  States  of  America  Standards  Institute. 
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(4)  The  foregoing  graph  shall  conform  to  standard  units  of  measure- 
ment in  accordance  with  United  States  of  America  Standards  Insti- 
tute Code,  S-l. 11-1966,  Appendix  A, 


(5)  No  drill  pipe  shall  be  racked  or  made  up  except  between  the  hours 
of  7:00  a.m.  to  7:00  p.m.  Exception  to  this  is  allowed  where  sound 
proofing  is  provided  or  in  case  of  emergency. 

(6)  Drilling  may  be  on  a 24  hour  basis  providing  the  above  is  met. 


(e)  Class  I Production  Standards: 


(1)  All  requirements  imposed  by  the  Class  I drilling  standards  shall 
remain  in  effect. 


(2)  Continuous  and  intermittent  sound  shall  be  controlled  to  the  levels 
listed  under  (c)(2)  (Drilling  Noise  Standards  for  Class  I). 

(f)  Class  II  Production  Standards: 

(1)  All  applicable  requirements  imposed  by  the  Class  II  Drilling  Standards 
shall  remain  in  effect. 

(3)  Continous  and  intermittent  sound  shall  be  controlled  in  accordance 
with  paragraph  (d)(2)  (Drilling  Class  II). 
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In  view  of  the  wide  variations  in  physical  conditions,  land  use  patterns 
and  environmental  factors  surrounding  known  geothermal  resource  areas 
which  may  be  subject  to  leasing,  it  will  be  necessary  to  establish  standards 
for  objectionable  noise  for  each  tract,  rather  than  by  standards  for  all 
geothermal  development.  Such  standards  will  take  the  form  of  lease  stipu- 
lation or  Geothermal  Resources  Operational  (GRO)  Orders. 

The  following  standards  for  determining  objectionable  noise  levels  for 
geothermal  activity  on  Federal  leases  are  set  forth  as  guidelines  subject 
to  appropriate  modification  upon  establishment  of  Federal,  state  or  local 
government  noise  standards. 

Noise  Measurement 


Measuring  equipment  will  be  Standard  Sound  Level  Meters  (SLM's)  meeting 
American  National  Standards  Institute  (ANSI)  criteria.  The  A-weighting  net- 
work and  fast  meter  response  should  be  used.  The  sound  level  should  be 
measured  at  the  geothermal  lease  boundary  at  regular  intervals  or  at  the 
place  and  time  of  the  annoyance  or  expected  annoyance.  Other  measuring 
equipment  such  as  an  Octave  Band  Analyzer,  level  recorder,  or  tape  recorder 
may  be  used  if  the  overall  performance  conforms  with  the  characteristics  of 
a SLM  with  A-weighting  network  and  fast  response. 

Measurement  Conditions 


Outdoor  measurements  should  be  made  at  3 to  4 feet  above  the  ground 
and,  if  practical,  at  least  10  feet  from  walls,  buildings,  or  other  sound 
reflecting  structures.  Measurements  made  at  greater  heights  or  closer  to 
reflecting  structures  should  specify  the  exact  measurement  location. 

Care  should  be  taken  to  avoid  influence  on  the  measurement  from  unwanted 
sound  signals,  e.g.,  wind  noise  from  sporadic  sources  not  under  consideration 
and  noise  from  electrical  interference. 

When  noise  source  is  distant,  the  measured  sound  may  depend  significantly 
on  climatic  conditions.  Extreme  conditions  of  weather  should  be  avoided 
whenever  possible.  A typical  value  and  an  indication  of  the  variation  of  the 
sound  level  should  be  obtained. 

Indoor  measurements  should  be  made  at  least  3 feet  from  walls  and  4 feet 
above  the  floor,  and  about  5 feet  from  windows  glazed  with  single  strength 
glass.  Sound  levels  measured  indoors  should  be  averaged  over  at  least  three 
positions  around  the  areas  of  interest.  The  arithmetic  average  of  the 
readings  determines  the  value  to  be  used.  Measurements  should  be  made  with 
windows  closed  unless  the  room  is  regularly  used  with  the  windows  open.  In 
this  case  measurements  should  be  made  under  both  conditions.  If  the  noise 
is  not  steady,  the  level  and  duration  of  the  noise  must  be  determined.  The 
period  of  time  in  which  the  time  history  is  observed  must  be  chosen  according 
to  the  character  of  the  variation  of  the  noise.  If  possible,  the  period 
should  cover  more  than  one  typical  variation  cycle. 
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Determination  of  the  Rating  Sound  Level 


In  many  cases  corrections  to  the  measured  sound  level,  L^,  are  needed 
to  obtain  a better  estimate  of  the  objection  to  noise.  The  corrections 
are  dependent  on  the  character  of  the  noise  with  respect  to  peak  level, 
spectrum  characteristics,  duration  and  fluctuation.  The  sum  of  and 
possible  corrections  is  termed  the  Rating  Sound  Level,  Lr  i.e.,  the 
sound  level  of  a steady  noise  without  impulsive  character  or  pure  tones 
is  assumed  to  have  the  same  objectionability  as  the  measured  noise.  The 
specified  procedure  is  as  follows: 

Steady  noise  without  impulsive  character  or  clearly  audible  pure 
tones  (narrow  band  components)  is  rated  by  the  sound  level,  L^,  in 
dB(A),  measured  with  a sound  level  meter. 

Steady  noise  with  an  impulsive  character  (like  hammering,  riveting, 
etc.)  or  with  discrete  noise  impulses  is  rated  by  the  sound  level, 
in  dB(a),  plus  the  correction  given  in  Table  A. 

The  reading  to  be  taken  is  the  average  of  the  maximum  deflections 
of  the  pointer  of  the  sound  level  meter. 

If  the  sound  level  varies  over  a large  range,  the  procedure  described 
for  averaging  should  be  used. 


Table  A - Corrections  to  the  measured  sound  level  in  dB(A) 
Characteristic  features  of  the  noise  Correction  dB(A) 

Peak  Impulsive  noise,  e.g. , hammering  +5 


Steady  noise  which  contains  audible  pure  tone  components  (whine, 
screech,  hum,  etc.)  is  rated  by  the  sound  level,  L^,  plus  the 
correction  given  in  Table  B. 

Table  B - Correction  to  the  measured  sound  level  in  dB(A) 


Characteristic  features  of  the  noise  Correction  dB(A) 

Spectrum  Audible  tone  components,  +5 

Character  e.g.,  whine 
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If  the  noise  is  interrupted  by  pauses  (for  example,  almost 
unchanging  factory  noise  lasting  several  hours  followed  by  a 
pause)  a correction  according  to  Table  C;  should  be  applied  to  the 
sound  level,  L^»  to  account  for  the  reduced  duration  of  the  noise. 
The  duration  of  the  noise  should  be  reckoned  with  over  a relevant 
time  period.  For  noise  produced  by  industrial  operations  or  con- 
struction the  period  should  be  each  8-hour  working  period. 

Table  C.  Corrections  to  the  measured  sound  level  in  dB(A) 


Characteristic  features  of 


Duration  of  the  noise  with 
level,  L^,  as  a percentage 
relevant  time  period 


the  noise 

Correction  dB(A) 

sound 

Between 

of  the 

100  and  56% 

0 

56  and  18% 

-5 

18  and  6% 

-10 

6 and  1.8% 

-15 

1.8  and  0.6% 

-20 

0.6  and  0.2% 

-25 

Less  than  0.2% 

-30 

For  noise  not  associated  with  any  regularly  occurring  scheduled 
activity  for  the  following  periods  will  be  used. 

Day:  6:00  a.m.  - 6:00  p.m. 

Evening:  6:00  p.m.  - 12:00  midnight 

Night:  12:00  midnight  - 6:00  a.m. 

If  a noise  source  is  to  be  considered  during  special  conditions, 
for  example,  during  the  weekend,  measurements  must  take  into 
account  the  conditions  during  the  weekend,  for  example,  by 
measuring  the  background  noise  at  the  relevant  time  for  estab- 
lishing the  criterion  noise  level. 


If  the  noise  varies  with  time  in  a more  complicated  manner  than 
appropriate  for  the  corrections  in  Tables  A,  B,  and  C,  the 
equivalent  sound  level,  L , should  be  obtained  using  the  method 
given  fcelow.  H 


10  log1Q 


f±10 


Li/10 
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Where, 

Le(j  is  the  equivalent  sound  level  in  dB(A)  to  be  used  for 
L^.  is  the  sound  level  in  dB(A)  corresponding  to  the 

midpoint  of  the  sound  level  class  i.  For  example,  sound 
level  class  100  extends  from  97.5  to  102.5  dB(A).  f^  is 
that  time  interval  (expressed  as  a percentage  of  the  rele- 
vant time  period)  for  which  the  sound  level  is  within*  the 
sound  level  class  i. 

The  sound  level  classes  should  be  classed  in  increments  of  5 dB(A) 
from  0 dB(A)  through  the  class  which  includes  the  highest  measured 
level.  The  relevant  time  period  should  be  as  defined  above. 

After  computation  of  Leq  the  corrections  for  impulse  and  pure  tone 
characteristics  should  be  applied. 


Noise  Criteria 

- - " r — - ■ ■ 

In  general,  a noise  is  objectionable  whenever  its  level  exceeds  by 
a certain  margin  that  of  the  preexisting  background  noise,  or  when 
it  attains  a certain  absolute  level.  The  method  of  rating  noise 
is  based  on  a comparison  of  the  rating  level,  Lr,  with  a criterion 
level  which  takes  various  features  of  the  environment  into  account. 
The  criterion  is  related  to  the  preexisting  background  level, 
either  fixed  for  a certain  zone  in  general  or  directly  measured 
for  special  cases. 

Specific  Noise  Criteria 

Noise  levels  from  any  geothermal  related  activity  shall  not  exceed 
the  following  industrial  noise  criteria  at  the  lease  boundary  line. 
In  addition,  noise  emitted  from  any  geothermal  related  activity 
shall  not  result  in  increased  noise  levels  exceeding  the  following 
use  zone  criteria  as  measured  on  adjacent  properties  at  the 
closest  point  of  habitation  or  use  to  the  geothermal  lease  line. 


Industrial  and  Geothermal  Use 
Daytime  70  dB(A) 

Evening  65  dB(A) 

Night  60  dB(A) 


Business  and 
Daytime 
Evening 
Night 


Commercial  Use 
65  dB(A) 

60  dB(A) 

50  dB(A) 
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Residential  - Urban 


Daytime 

60  dB(A) 

Evening 

55  dB.(A) 

Night 

45  dB(A) 

Residential  - 

Suburban 

Daytime 

50  dB(A) 

Evening 

45  dB(A) 

Night 

35  dB(A) 

Residential  - 

Rural 

Daytime 

45  dB(A) 

Evening 

40  dB(A) 

Night 

30  dB(A) 

Agricultural 

Daytime 

70  dB(A) 

Evening 

65  dB(A) 

Night 

55  dB(A) 

Recreation 

Daytime 

45  dB(A) 

Evening 

40  dB(A) 

Night 

30  dB(A) 

Uninhabited  or  Rangelands 

Daytime 

70  dB(A) 

Evening 

65  dB(A) 

Night 

60  dB(A) 

The  above  noise  criteria  may  be  exceeded  under  emergency  condi- 
tions upon  approval  of  the  Supervisor.  Noise  criteria  may  also 
be  exceeded  if  the  lessee  obtains  written  permission  from  all 
parties  affected  by  the  noise  which  exceeds  the  above  criteria. 
Complaints  from  persons  to  noise  levels  below  the  above  criteria 
in  excess  of  10  percent  of  the  adjacent  occupants  to  the  geother- 
mal lease  shall  cause  the  Supervisor  to  review  the  noise  criteria 
as  established  and  alter  such  criteria  if,  in  his  estimation, 
such  levels  should  be  reduced.  The  geothermal  lessee  shall  be 
responsible  for  taking  all  measurements  in  the  presence  of  the 
Supervisor  or  his  duly  authorized  representative. 

Special  Cases 

For  rating  noise  in  special  cases,  for  example  in  case  of  com- 
plaints against  a certain  noise  source  at  a certain  place,  the 
background  noise  level  serves  as  the  criterion.  The  background 
(ambient)  noise  is  the  minimum  sound  level  at  the  relevant  place 
and  time  in  the  absence  of  the  noise  which  is  alleged  or  expected 
to  offend.  It  should  be  obtained  by  observing  the  pointer  on  the 
sound  level  meter  and  by  reading  the  lowest  level  which  is 
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repeated  several  times  (mean  minimum  sound  level) . Statistically 
background  can  be  defined  as,  the  sound  level  which  is  exceeded  95 
percent  of  the  time. 

The  background  noise  level  includes  appropriately  the  influences 
of  the  type  of  district,  the  season,  and  the  time  of  day.  It  can 
be  used  for  noise  assessment. 

To  prevent  a creeping  (gradually  increasing)  background  noise 
level,  it  may  be  necessary  to  compare  the  measured  background 
level  with  the  general  criterion  as  derived  above  for  the  relevant 
zone  and  time  of  day.  The  level  chosen  will  be  based  on  the  par- 
ticular situation,  but  will  usually  be  the  lower  of  the  two. 

Assessment  of  the  Noise 


In  order  to  assess  with  respect  to  the  expected  obj ectionability , 
the  rating  sound  level  as  obtained  will  be  compared  with  the 
criterion  value  after  adjustment  for  zone  and  time  of  day.  If  the 
rating  sound  level  exceeds  the  criterion  value  by  5 dB(A)  the 
noise  is  considered  objectionable. 

Technical  efforts  at  reducing  noise  emissions  from  geothermal  wells 
have  been  directed  primarily  toward  the  design  of  muffling  devices  (Fig 
ure  III-8).  Experiments  at  the  Otake  Geothermal  Powerplants  located 
in  the  Aso  Mountains  of  Japan  have  shown  that  an  ordinary  expansion 
chamber  muffler  is  not  effective  for  high  frequency  sound  abatement. 
However,  a specially  designed  muffler  effected  good  noise  reduction, 
even  in  the  high  frequency  region,  and  it  did  not  create  much  resis- 
ance  to  steam  flow.  These  muffler  designs  and'  their  influence  on 
noise  levels  are  shown  in  Figures  III-9  and  III-10. 

Measurements  were  taken  using  a microphone  and  1/3  octave  band  ana- 
lyzer at  a distance  of  one  meter  from  the  6-inch  diameter  steam  outlet 
ejector  pipe. 

Attenuation  of  objectionable  noise  from  venting  of  steam  wells  can  be 
accomplished  through  the  use  of  properly  designed  muffling  devices. 
Other  designs  have  been  successfully  tested  at  Cerro  Prieto,  Mexico, 
and  at  The  Geysers  in  California.  The  venting  of  steam  under  water 
has  also  proven  effective  in  reducing  noise  emissions. 

Research  and  development  work  is  also  being  conducted  to  reduce  noise 
emission  from  drill  rigs  through  use  of  acoustical  materials, 
mufflers,  and  sound  attenuating  practices.  Many  new  techniques  have 
resulted  and  are  being  applied  to  current  drilling  practices.  Appli- 
cation of  the  most  up-to-date  techniques  for  reducing  all  noise 
related  to  geothermal  activities  should  be  practiced  by  development 
companies.  GRO  Orders  or  lease  stipulations  may  be  issued  requiring 
use  of  mechanical  noise  attenuation  devices. 
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Figure  III-8.  Vertical  design  muffler  on  steam  well  under  development  at  The  Geysers 

field.  Noise  is  muffled  and  directed  upward, 
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Figure  III-9.  Noise  and  design  characteristics  of  expansion  muffler 
(After  Nishiwaki,  N.,  and  others,  1970) 
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Figure  III-10.  Noise  and  design  characteristics  for  experimental  muffler 

(After  Nishiwaki,  N.,  and  others,  1970) 
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Frequency  spectra  with  and  without  muffler. 


c.  Water  Resources 


Water  Supply 

The  principal  consumptive  use  of  water  in  a geothermal  development  is  for 
cooling.  In  the  case  of  electric  powerplants,  the  geothermal  fluid  itself 
generally  supplies  the  cooling  water  requirements  of  the  plant.  For  example, 
as  shown  on  Figure  11-12,  the  heat  balance  diagram  for  a 55  MW  unit  at  The 
Geysers  field,  968,060  pounds  per  hour  of  steam  enters  the  system.  Of 
this,  800,000  pounds  per  hour  is  vented  to  the  atmosphere  from  cooling 
towers  and  157,630  pounds  per  hour  is  returned  to  the  formation  through  a 
reinjection  well.  Converting  pounds  per  hour  to  volumetric  units  indicates 
a consumptive  water  use  of  about  46  acre-feet  per  year  per  megawatt  of  plant 
capacity.  Similar  rates  of  consumption  probably  would  apply  to  other  geo- 
thermal steam  turbine  systems  whether  the  resource  is  of  the  hot-water  or 
vapor-dominated  type.  The  cooling  requirements  for  binary  cycle  systems 
probably  would  be  slightly  greater  than  for  steam  turbines. 

Water  Quality 

The  basic  law  governing  water  quality  is  the  Federal  Water  Pollution 
Control  Act,  as  amended.  Under  this  Act,  the  primary  responsibility  for 
water  pollution  control  is  assigned  to  the  states.  Under  the  Act,  each 
state  is  required  to  promulgate  intrastate  water  quality  standards  which 
then  must  be  approved  by  the  Environmental  Protection  Agency.  All  of  the 
western  states,  where  the  principal  geothermal  development  is  expected 
to  take  place,  have  Federally-approved  standards. 

A basic  requirement  for  Federal  approval  of  state  standards  is  an  anti- 
degradation statement,-  the  purpose  of  which  is  to  prohibit  the  deteriora- 
tion of  waters  whose  existing  quality  is  higher  than  established  water 
quality  standards.  The  State  of  California  statement,  approved  January  9, 
1969,.  is  quoted  here  as  a typical  example  of  such  policy  guidelines: 

"Whenever  the  existing  quality  of  water  is  better  than  the  quality 
established  in  policies  as  of  the  date  on  which  such  policies  be- 
come effective,  such  existing  high  quality  will  be  maintained  until 
it  has  been  demonstrated  to  the  state  that  any  change  will  be  con- 
sistent with  maximum  benefit  to  the  people  of  the  state,  will  not  un- 
reasonably affect  present  and  anticipated  beneficial  use  of  such 
water  and  will  not  result  in  water  quality  less  than  that  prescribed 
in  the  policies. 

"Any  activity  which  produces  or  may  produce  a waste  or  increased 
volume  or  concentration  of  waste  and  which  discharges  or  proposes 
to  discharge  to  existing  high  quality  waters  will  be  required  to 
meet  waste  discharge  requirements  which  will  result  in  the  best 
practicable  treatment  or  control  of  the  discharge  necessary  to 
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assure  that  (a)  a pollution  or  nuisance  will  not  occur  and  (b) 
the  highest  water  quality  consistent  with  maximum  benefit  to  the 
people  of  the  state  will  be  maintained. 

"In  implementing  this  policy,  the  Secretary  of  the  Interior  will  be 
kept  advised  and  will  be  provided  with  such  information  as  he  will 
need  to  discharge  his  responsibilities  under  the  Federal  Water 
Pollution  Control  Act."  (Function  transferred  to  Administrator,  En- 
vironmental Protection  Agency.) 

As  the  initial  geothermal  development  is  occurring  in  California,  that 
state's  system  of  water  quality  control  will  be  described  herein.  The 
statewide  responsibility  rests  with  the  State  Water  Resources  Control 
Board.  Regional  Water  Quality  Control  Boards  carry  out  the  function  of 
water  quality  control  under  applicable  Federal  and  state  laws.  Each 
Regional  Board  is  responsible  for  preparation  of  a Water  Quality  Control 
Plan,  which  sets  forth  policy  guidelines,  water  quality  objectives  and 
discharge  prohibitions  and  a program  for  implementation  and  surveillance. 
With  respect  to  geothermal  operations,  each  operation  is  considered  by 
the  appropriate  Regional  Board,  and  an  order  is  issued  setting  forth 
waste  discharge  requirements  for  the  specific  operation. 

Exhibit  III-B,  at  the  end  of  this  section,  presents  excerpts  from  the 
Interim  Water  Quality  Control  Plan  for  the  West  Colorado  River  Basin 
(State  Water  Resource  Control  Board,  1971)  which  embraces  the  Imperial 
Valley  geothermal  area.  These  excerpts  include  policy  guidelines,  water 
quality  objectives  and  discharge  prohibitions. 

The  effect  of  these  regulations  with  respect  to  geothermal  development 
in  Imperial  Valley  is  to  prohibit  discharge  of  hot  waste  waters  to  surface 
drains  or  shallow  ground  water  except  in  the  event  that  such  drainage 
would  represent  an  improvement  in  the  various  aspects  of  the  water  quality 
objectives.  The  general  effect  of  these  regulations  is  to  require  re- 
injection of  geothermal  fluids  in  a manner  that  will  not  result  in  ad- 
verse water  quality  impacts. 

Exhibit  III-B,  at  the  end  of  this  section,  is  an  example  of  a waste  dis- 
charge order,  dated  July  13,  1972,  covering  production,  holding  and  re- 
injection of  brine  at  Sinclair  No.  4,  a 5,306  foot-deep  well  drilled  in 
1964.  The  Order  illustrates  how  the  Regional  Water  Quality  Control  Board 
manages  waste  discharge  and  details  its  requirements  for  monitoring. 
Similar  orders  would  be  issued  with  respect  to  drilling  on  Federal  lands. 
Order  No.  72-30  specified  waste-discharge  requirements  for  a geothermal 
test  well  drilled  by  the  Bureau  of  Reclamation  on  Federal  land  in  the 
East  Mesa  KGRA  in  the  summer  of  1972. 

Compliance  with  Section  3204.1(c)(2)  and  Section  270.41  requires  lessees 
to  conduct  all  operations  in  compliance  with  Federal  and  State  Water 
Quality  Standards  and  appropriate  health  and  safety  standards.  It  further 
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specifies  that  toxic  materials  shall  not  be  released  to  any  surface  or 
underground  waters.  Reinjection  of  waste  geothermal  fluids  into  geo- 
thermal or  other  suitable  aquifers  may  be  permitted  upon  approval  of  the 
supervisor  in  accordance  with  the  provisions  of  Public  Law  92-500, 

October  18,  1972. 

Radioactivity  may  present  a special  question  because  geothermal  waters  con- 
tain radioactive  radon  gas  and  other  radionuclides  in  solution.  Such  gas 
normally  is  separated  out  of  geothermal  steam  along  with  other  noncondensible 
gases  or  may  discharge  to  the  atmosphere  when  hot  water  is  exposed  at  land 
surface.  (Radon  in  gaseous  form  is  discussed  under  Air  Quality.)  The  com- 
bined radiation  from  radon  in  solution  and  other  radionuclides  in  geothermal 
waters  in  pipes,  etc.,  conceivably  could  represent  a health  hazard  to 
workers  continuously  exposed  to  such  radiation.  The  maximum  permissible 
concentration  (MPC)  of  unidentified  radionuclides  in  water  applicable  for 
continuous  exposure  (168  hr/wk)  as  recommended  by  the  National  Committee 
for  Radiation  Protection  (National  Bureau  of  Standards,  1959)  is  specified 
as  not  to  exceed  10  microcuries  per  milliters  of  water.  Where  detailed 
analyses  of  such  waters  identify  the  individual  elements  present,  less  strin- 
gent MPC  limits  may  apply,  depending  upon  constituent  concentrations.  How- 
ever, it  should  be  noted  that  the  MPC  cited  above  is  based  upon  the  pre- 
sumption that  2.2  liters  per  person  per  day  of  such  water  is  ingested  over 
long  periods  (International  Commission  on  Radiation  Protection,  1959)  a very 
unlikely  contingency  in  the  case  of  geothermal  fluids. 

Water  from  Sinclair  4 well  in  the  Sal ton  Sea  KGRA,  drilled  to  5,306  feet  in 
1964 , when  sampled  July  5 , 1967 , indicated  combined  net  beta  and  gamma  radia- 
tion of  550  picocuries  per  liter  (State  of  California,  Department  of  Water 
Resources,  1970)  or  about  five  times  the  applicable  MPC  for  unidentified 
radionuclides  in  water  (100  p c/1).  This  water  would  exceed  the  maximum 
permissible  concentration  for  continuous  exposure  to  such  water  (168  hr/wk) 
as  defined  above. 

Analysis  to  determine  the  radioactivity  of  fluid  will  be  required  for  each 
well  drilled  on  Federal  leases.  If  such  analysis  indicates  that  a health 
hazard  exists,  a GRO  Order  will  be  issued  requiring  adequate  health  and 
safety  precautions  and  periodic  monitoring  as  appropriate.  If  radioactivity 
should  be  of  such  nature  that  it  could  not  be  held  to  Acceptable  levels, 
then  production  from  such  wells  would  not  be  permitted  until  new  tech- 
nology or  systems  were  available  to  assure  adequate  health  and  safety 
protection. 

d.  Biotic  Resources 


Because  of  the  wide  diversity  of  vegetative  cover,  fish  and  wildlife  habitats 
and  populations  that  could  be  affected  by  geothermal  development,  it  is  not 
possible  to  develop  and  present  a single  comprehensive  set  of  mitigating 
measures  that  adequately  would  cover  all  situations.  Accordingly,  the  pro- 
posed leasing  regulations  can  only  include  adequate  provision  for  inclusion 
of  appropriate  protection  measures  in  each  lease  and  its  related  operational 
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orders.  Section  3204,  1(g)  requires  that  the  lessee  shall  employ  such 
measures  as  are  deemed  necessary  to  protect  fish  and  wildlife  and  their 
habitat.  Section  3204,  1 (i)  provides  that  the  lessee  shall  provide  for 
the  restoration  of  all  disturbed  lands  in  an  approved  manner.  Necessary 
fish  and  wildlife  and  land  restoration  measures  will  be  developed  on  a site- 
sensitive  basis  and  included  as  special  stipulations  in  each  lease  or  as 
Geothermal  Resources  Operational  Orders. 

Land  areas  to  be  used  for  the  permit  life  for  generation  facilities,  roads, 
etc.,  would  remain  cleared  with  resultant  loss  of  plant  cover  and  wildlife 
habitat.  Other  areas  subject  to  temporary  use  or  disturbance  would  be 
subject  to  restoration  and,  in  most  instances,  it  should  be  feasible  to  re- 
quire that  such  restoration  be  equivalent  to,  or  better  than,  the  ground 
cover  that  previously  existed.  In  some  situations  it  well  may  be  that 
wildlife  habitat  could  be  improved  as  a result  of  this  process  (game  travel 
routes  between  grass  or  browse  areas,  improved  forage  where  grass  or  shrubs 
replace  nonedible  brush,  etc.).  Much  of  the  disturbed  surface  vegetation 
and  soil  within  road,  power  transmission  or  steam  pipeline  routes  would  be 
subject  to  soil  stabilization,  preparation  and  seeding  with  appropriate 
wildlife  food  and  cover  species.  Use  could  be  made  of  either  native  plants 
or  acceptable  or  improved  substitutes  which  would  equal  or  improve  food 
values  for  indigenous  wildlife  species.  Adequate  erosion  control  and  drain- 
age measures  will  be  required  to  mitigate  soil  movement  from  disturbed  sites 
and  the  amount  of  silt  entering  water  courses.  All  phases  of  exploration, 
development  and  production  operations  will  be  monitored  and  inspected  to 
insure  compliance  with  lease  and  GRO  Orders.  Fish  and  wildlife  population 
surveillance  will  be  maintained  to  detect  significant  adverse  trends  as  a 
basis  for  implementation  of  necessary  corrective  actions. 

Electrocution  of  eagles,  hawks  and  other  birds  by  contact  with  power  lines 
will  be  minimized  to  the  extent  possible  by  avoidance  of  areas  of  highest, 
potential  contact  and  through  use  of  techniques  set  forth  in  Rural  Electri- 
fication Administration  Bulletin  61-10.  Under  the  provisions  of  Section 
3204,  1(g)  of  the  regulations  special  provisions  will  be  developed  as  ap- 
propriate to  protect  these  and  other  wildlife  values.  Where  the  threat  of 
significant  bird  losses  exists,  particular  attention  will  be  directed  to  the 
making  of  whatever  actions  are  needed  to  minimize  such  risks.  Likewise,  pre- 
cautions will  be  taken  relative  to  any  other  significant  hazards  to  fish  and 
wildlife  species. 

Water  quality  protection  measures,  as  set  forth  in  the  previous  section, 
will  provide  for  adequate  protection  of  fish  values  and  for  water-related 
wildlife  factors.  While  there  may  be  temporary  adverse  impacts,  they  can 
be  held  to  acceptable  minimum  levels,  thereby  avoiding  serious  longer  range 
impacts.  Wherever  special  considerations  are  involved,  appropriate  provi- 
sions will  be  included  in  the  lease  stipulations  or  in  the  related  GRO  Orders. 

Noise  levels  during  drilling,  testing  and  construction  could  have  temporary 
impact  on  wildlife.  Normally,  this  would  be  of  relatively  short  duration 
and  would  be  more  in  the  nature  of  a disturbance  rather  than  damage.  However, 
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if  there  are  critical  wildlife  factors  such  as  nesting  seasons,  migration 
routes,  etc.,  special  noise  control  provisions  may  be  required  and,  in 
especially  critical  areas  or  seasons,  it  might  be  necessary  to  prohibit 
damaging  noise  levels.  Where  such  potential  exists,  each  operating  area  will 
have  to  be  carefully  evaluated  and  appropriate  restrictions  imposed. 

The  opening  of  new  roads  and  trails  may  result  in  additional  opportunity 
for  public  access  which  in  turn  could  increase  use.  Resulting  hunting  and 
recreational  use  could  impose  additional  pressures  on  fish  and  wildlife 
populations.  By  contrast,  geothermal  development  may  curtail  some  public 
hunting  and  recreational  uses  within  the  lease  tract  to  assure  public  safety 
or  to  provide  security  for  operations  in  the  immediate  vicinity  of  facili- 
ties. Such  impacts  are  not  expected  to  be  significant.  In  the  event 
problems  are  anticipated  or  detected,  corrective  measures  would  be  taken 
as  appropriate. 

In  addition  to  the  protection  afforded  by  the  specific  provisions  of  the. 
Geothermal  Resources  Operations  On  Public,  Acquired  and  Withdrawn  Lands 
Regulations  (30  CFR,  Parts  270,  271)  the  land  management  agencies  with 
basic  responsibility  for  the  management  of  public  lands  will  be  available 
to  provide  assistance  to  assure  that  biotic  resources  on  leased  areas  are 
adequately  protected,  managed  and  used  consistent  with  geothermal  uses  and 
with  related  land  and  resource  values  of  adjacent  areas.  While  the  super- 
visor is  the  responsible  official  for  carrying  out  the  provisions  of  the 
regulations,  he  will  call  upon  and  use  the  expertise  of  Federal  land  manage- 
ment agencies,  other  Federal  agencies,  state  and  local  government  per- 
sonnel, and  others,  as  appropriate  for  advice  and  assistance  in  protecting 
plant,  fish  and  wildlife  resources  and  values. 
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Excerpts  from  Water  Quality  Control  Plan  (Interim) 
West  Colorado  River  Basin  7 -A 
California  State  Water  Resources  Control  Board 

POLICY  GUIDELINES 
GOALS 


In  view  of  the  limited  water  resources  in  the  West  Colorado  River  Basin,  and  the  increasing  intensity 
of  use  of  the  waters,  the  policy  of  the  California  Regional  Water  Quality  Control  Board,  Colorado  River 
Basin  Region,  is  to  direct  its  actions  toward  achieving  the  following  goals. 

1.  Preserve  and  enhance  the  quality  of  State  waters,  both  surface  and  underground,  fresh  and  saline, 
for  present  and  anticipated  beneficial  uses. 

2.  Control  the  quality  of  wastewater  discharges  to  optimize  the  reuse  of  this  water  resource. 

3.  Encourage  reclamation  and  reuse  of  wastewaters,  where  feasible,  in  order  to  preserve  fresh  water 
supplies  to  the  maximum  extent  possible. 

4.  Preserve  the  integrity  of  groundwater  basins,  so  that  the  basins  remain  capable  of  storing  water 
for  beneficial  use. 

5.  Seek  improvement  in  the  quality  of  interstate  waters  entering  the  Basin. 

MANAGEMENT  PRINCIPLES 

The  above  goals  will  be  implemented  by  using  the  following  management  principles. 

1.  Waste  treatment  and  discharge  systems  are  subservient  to  their  main  purpose  for  existence,  which 
is  to  optimize  the  quality  of  State  waters,  and  to  optimize  reclamation  of  wastewaters  for  bene- 
ficial use. 

2.  The  optimization  of  water  quality  shall  be  considered  in  relation  to  environmental  goals. 

3.  Wastewater  treatment  and  discharge  systems  shall  be  directed  towards  regionalization,  but  with 
due  consideration  to  retaining  reclaimable  wastewaters  as  far  upstream  as  is  feasible. 

4.  Land  use  practices  shall  be  controlled  to  assure  preservation  of  the  integrity  of  usable  ground- 
water  basins. 

5.  Source  control  and  pretreatment  of  wastes  shall  be  optimized  to  minimize  degradation  of  water 
quality  by  toxicants,  biostimulants,  and  filtrable  substances. 

6.  The  transport  of  hazardous  materials  shall  be  controlled  to  prevent  spillage  and  leakage. 

7.  Wastes  which  have  long-term  capability  of  polluting  waters  shall  be  discharged  in  such  manner 
and  locations  as  to  be  protected  against  erosion  or  inundation  from  a maximum  storm  which  could 
be  expected  to  occur  on  a frequency  of  at  least  once  in  a 100-year  period. 

8.  The  discharge  of  untreated  sewage  into  New  River  from  the  City  of  Mexicali,  Mexico,  must  cease. 

9.  The  administration  of  grants  and  loans  to  sewerage  entities  shall  include  determination  of  imple- 
mentation of  adequate  source  control  and  industrial  waste  ordinances. 
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(continued) 

10.  Groundwater  recharge  with  water  of  adequate  quality  is  encouraged. 

11.  Evaporative  loss  of  reelaimable  wastewater  is  to  be  minimized. 

IS.  The  primary  purpose  of  SaltonSea  is  to  receive  natural  and  agricultural  drainage  and  seepage  waters. 


III-79a 


Exhibit  III-B 


(continued) 


WATER  QUALITY  OBJECTIVES  AND  DISCHARGE  PROHIBITIONS 


Many  water  quality  terms  and  expressions  are  generally  understandable.  However,  there  are  several 
terms  which  ought  to  be  specifically  defined.  The  definitions  of  these  latter  terms  are  as  follows: 

Water  Quality  is  the  set  of  chemical,  physical  and  biological  properties  which  affect  the  use  of  water. 

Water  Quality  Indicators  are  constituents  or  characteristics  which  serve  to  measure  water  quality. 
Examples  of  indicators  are:  Temperature,  dissolved  oxygen  (DO),  biochemical  oxygen  demand  (BOD), 
1»H,  Chloride,  bacteria,  aiid  appearance. 

Certain  water  quality  indicator  terms  are  not  sufficiently  self-explanatory  and  are  therefore  further 
defined  below,  as  follows: 

Pesticide  is  any  substance  or  mixture  of  substances  used  to  control  objectionable  insects, 

weeds,  rodents,  fungi,  or  other  forms  of  plant  or  animal  life. 

Biostimulant  is  any  substance  which  stimulates  or  increases  the  growth  of  aquatic  organisms: 

examples  arc  nitrogen  and  phosphorus. 

Toxicity  is  the  poisonous  eftect  of  organic  or  inorganic  substances  or  combination  of  these 

substances  upon  animal  or  plant  life. 

Water  Quality  Objectives  are  limits  or  levels  ptescribed  for  water  quality  indicators  for  protection 
of  indicated  uses. 

The  following  list  of  general  water  quality  objectives  are  applicable  to  all  ground  and  surface  waters 
in  West  Colorado  River  Basin. 

1.  COLOR  — No  significant  increase  beyond  background*  levels. 

2.  TURBIDITY  - No  significant  increase  beyond  background  levels. 

3.  BOTTOM  DEPOSITS  - None  other  than  from  background  origin. 

4.  FLOATABLES,  OIL,  AND  AGREASF,  - No  visible  effect  other  than  of  background  origin. 

5.  ODORS  - None  other  than  of  background  origin. 

6.  PESTICIDES  - The  total  summation  of  concentrations  of  individual  pesticides  in  surface 
waters  shall  not  be  greater  than  0.1  micrograms  per  liter.  Nor  shall  concentrations  of  pesticides  be 
allowed  that  are  detrimental  to  fish  and  wildlife.  Exception  is  allowed  in  those  irrigation  canals  which 
do  not  have  appreciable  aquatic  resources,  and  where  short-term  herbicide  operations  are  conducted 
under  irrigation  district  supervision  in  coordination  with  the  State  Department  of  Fish  and  Game. 

7.  pH  - No  significant  change  in- noimal  ambient  value;  nor  shall  the  pH  be  depressed  below 
6.5  units,  or  raised  above  8.5  units  as  a result  of  waste  discharges. 


‘Background  is  that  status  of  a particular  body  of  water  which  is  incident  to  the  established  natural, 
agricultural,  or  river  control  conditions  or  to  established  combination  of  conditions. 
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8.  BIOSTIMULANTS  - No  substance  shall  be  added  which  produces  aquatic  growths  in  the 
receiving  waters  to  the  extent  that  such  growths  cause  nuisance  or  damage  to  any  of  the  beneficial 
water  uses. 

9.  COLIFORM  BACTERIA  - As  recommended  by  the  California  State  Department  of  Public 
Health  for  these  waters. 

10.  TOXICITY  - No  toxic  substance  which  will  produce  deleterious  effects  upon  aquatic  biota, 
humans,  or  wildlife,  or  that  create  undesirable  tastes  or  odors  in  the  waters  or  in  fish,  wildlife,  or  agri- 
cultural stock  flesh  shall  be  discharged  to  the  receiving  waters. 

11.  RADIOACTIVITY  - Radionuclides  shall  not  be  present  in  concentrations  that  exceed  the 
maximum  permissible  concentration  for  radionuclides  in  water  as  set  forth  in  Chapter  5,  Title  17,  of  the 
California  Administrative  Code.  The  objective  shall  be  to  minimize  radioactivity  to  the  extent  physi- 
cally and  economically  feasible. 

12.  TEMPERATURE  - The  temperature  objectives  of  Interstate  Waters  shall  be  as  set  forth  in 
the  policy  regarding  the  “Control  of  Temperature  in  the  Coastal  and  Interstate  Waters  and  Enclosed 
Bays  and  Estuaries  of  California,”  adopted  by  the  State  Water  Resources  Control  Board  January  7,  1971. 
Irrigation  return  water  is  not  considered  an  elevated  temperature  waste  discharge  for  the  purpose  of 
this  policy. 

Waste  discharges  shall  not  cause  the  temperature  of  the  receiving  water  to  increase  by  more 
than  5°P.  in  streams  or  lakes  having  a range  of  temperatures  generally  suitable  for  warm  water  fishes 
such  as  bass  or  catfish.  Irrigation  return  water  is  not  considered  an  elevated  temperature  waste  dis- 
charge for  the  purpose  of  this  policy. 

Waters  serving  a cold  water  biota  shall  be  maintained  free  of  temperature  changes  as  result 
of  waste  discharges. 

13.  DISSOLVED  OXYGEN  - Median  dissolved  oxygen  concentrations  in  the  main  water  mass  of 
streams  and  above  the  thermocline  in  lakes  shall  not  fall  below  85  percent  of  saturation  concentration, 
and  the  95  percentile  concentration  shall  not  fall  below  75  percent  of  saturation  concentration  as  a 
result  of  waste  discharge. 

Additionally,  dissolved  oxygen  at  any  location  shall  not  fall  below.  6 mg/1  at  any  time  as  the 
result  of  waste  discharges.  Nor  shall  waste  discharges  cause  the  dissolved  oxygen  content  in  waters 
designated  as  spawning  and  nursery  areas,  and  cold-water  biota  and  trout  habitat  to  fall  below  7 mg/1 
at  any  time.  When  background  factors  cause  lesser  concentrations,  then  controllable  water  quality  factors 
shall  not  cause  further  reduction. 

14.  DISSOLVED  SOLIDS  - No  dissolved  solids  shall  be  added  in  quantities  found  to  be  deleter- 
ious to  the  beneficial  uses. 

The  criteria  for  defining  levels  of  specific  water  quality  indicators  used  in  prescribing  waste  dis- 
charge requirements  to  achieve  water  quality  objectives  is  based  upon  the  following: 
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UNITED  STATES  PUBLIC  HEALTH  SERVICE 
DRINKING  WATER  STANDARDS,  1962 

In  milligrams  per  liter 

Recommended 
limits  of 

Mandatory 
limits  of 

Substance 

concentrations*  concentrations 

Alkyl  benzene  sulfonate  (ABS) 

0.5 

— 

Arsenic  (As) 

0.01 

0.05 

Barium  (Ba) 

— 

1.0 

Cadmium  (Cd) 

— 

0.01 

Carbon  chloroform  extract  (CCE) 

0.2 

— 

Chloride  (Cl) 

250 

— 

Chromium  (hexavalent)  (Cr+®) 

— 

0.05 

Copper  (Cu) 

1.0 

— 

Cyanide  (CN) 

0.01 

0.2 

Iron  (Fe) 

0.3 

— 

Lead  (Pb) 

— 

0.05 

Manganese  (Ain) 
Nitrate  (NCH) 

0.05 

— 

45 

— 

Phenols 

0.001 

— 

Selenium  (Se) 

— 

0.01 

Silver  (Ag) 

— 

0.05 

Sulfate  (S04) 

250 

— 

Total  dissolved  solids  (TDS) 

500 

— 

Zinc  (Zn) 

5 

• 

UNIVERSITY  OF  CALIFORNIA 
CRITERIA  FOR  IRRIGATION  WATERS 

Factor 

Class  1 - 
Excellent 
to  good 

Class  2 — 
Good  to 
Excellent 

Class  3 — 
Injurious  to 
unsatisfactory 

Electrical  conductance, 
EC  x 106  at  25°  C 

Less  than  1000 

1000-3000 

More  than  3000 

Boron,  ppm 

Less  than  0.5 

0,5— 2.0 

More  than  2.0 

Chloride,  ppm 

Less  than  175 

175-350 

More  than  350 

Percent  sodium 

Less  than  60 

60-75 

More  than  75 
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NORMAL  RANGE  OF  MINERAL  PICKUP  IN  DOMESTIC  SEWAGE* 

Mineral  Constituent 

Normal  range, 
in  parts  per  million 
(except  as  noted) 

Total  dissolved  solids  (TDS) 

100-300 

Boron  (B) 

*3* 

• 

O 

1 

© 

Percent  sodium  (%Na) 

5-15** 

Sodium  (Na) 

40-70 

Potassium  (K) 

7-15 

Magnesium  (MgCOs) 

15-40 

Calcium  (CaC03) 

15-40 

Total  Nitrogen  (N) 

20-40 

Phosphate  (PO^ ) 

20-40 

Sulfate  (SO. ) 
Chloride  (Cl) 

15-30 

20-50 

Total  alkalinity  ( CaCOg) 

100-150 

SPECIFIC  OBJECTIVES 

Explanation  of  New  and  Alamo  River  Source  Waters 

The  source  water  of  Alamo  River  and  of  New  River  is  supplied  predominantly  from  the  use  of  these 
channels  as  collectors  and  transporters  of  control  and  drainage  (including  subsurface)  waters  from  irrigated 
lands  in  Imperial  Valley.  This  is  their  primary  beneficial  use;  and  this  use  does  not  unreasonably  affect 
the  quality  of  the  waters  of  the  state. 

The  objective  is  to  protect  the  quality  of  this  "source  water"  from  degradation  by  unreasonable  impair- 
ment (1)  by  pesticidal  wastes  from  any  source,  and  (2)  by  other  industrial  wastes,  or  by  sewage.  The  term 
"other  industrial  wastes"  as  used  hereafter  means  all  industrial  wastes  other  than  the  industrial  wastes 
consisting  of  "control  and  drainage  (including  subsurface)  waters  from  irrigated  lands  in  Imperial  Valley. 

Listings  of  Specific  Objectives 

Waste  discharges  shall  not  cause  the  20  C BOD  and  the  total  filtrable  residue  (TFR)  concentration 
of  the  following  waters  to  exceed  the  levels  shown  below: 


Stream 

20°  C BOD5 

Total  Filtrable  Residue 
Average  Maximum 

Units 

New  River 

2 

4000 

4500 

mg/1 

Alamo  River 

2 

4000 

4500 

mg/1 

Imperial  Valley 

Irrigation  Drains 

2 

4000 

4500 

mg/1 

Coachella  Valley 

Irrigation  Drains 

2 

1800 

2000 

mg/1 

* Adopted  from  State  Water  Pollution  Control  Board  Publication  No.  9,  Chart  1—8,  page  25 
**In  Percent. 
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Giving  due  allowance  for  the  primary  purpose  of  Salton  Sea,  as  explained  in  Chapter  III,  the  objective 
is  to  limit  the  rate  of  increase  of  the  total  filtrable  residue  content  of  Salton  Sea  water  to  the  lowest 
possible  value. 

WATER  QUALITY  OBJECTIVES  FOR  SOLID  WASTE  AND  SLUDGE  WASTE  DISPOSAL 

The  following  objectives  are  established  for  the  control  of  water  pollution  with  respect  to  land  disposal 
of  solid  or  sludge-type  wastes. 

1.  Classification  of  Solid  Waste  Disposal  Sites 
Class  1 Sites 

Sites  located  on  nonwater-bearing  rocks  or  underlain  by  isolated  bodies  of  unusable  groundwater, 
which  are  protected  from  surface  runoff  so  that  they  will  not  be  eroded  or  inundated  by  a maximum 
storm  which  would  be  expected  to  occur  on  a frequency  of  at  least  once  in  a 100-year  period,  and 
where  safe  limitations  exist  with  respect  to  the  potential  radius  of  infiltration. 

Class  2 Sites 

Sites  underlain  by  usable,  confined,  or  free  groundwater,  where  the  discharge  surface  can  be  main- 
tained at  least  six  (6)  feet  above  anticipated  high  groundwater  elevation,  and  which  will  not  be 
eroded  or  inundated  by  a maximum  storm  that  would  be  expected  to  occur  on  a frequency  of  at 
least  once  in  a 100-year  period. 

Class  2 (special)  Sites 

Sites  which  meet  all  of  the  objectives  for  Class  2 sites,  as  described  above,  and  in  addition,  are 
geologically,  hydrologically,  topographically,  and  otherwise  satisfactory  for  discharge  of  specified 
quantity  of  a specific  waste. 

Class  3 Sites 

Sites  so  located  as  to  afford  little  or  no  protection  to  usable  waters  of  the  State. 

2.  Nature  of  Wastes  Acceptable  for  Discharge  at  Each  Class  of  Disposal  Site 

The  listing  below  is  not  intended  to  be  comprehensive,  but  rather  is  provided  to  indicate  the 
the  nature  of  wastes  acceptable  at  each  class  of  disposal  site.  Where  there  is  question  concerning 
the  nature  of  a particular  waste,  the  determination  will  be  made  by  the  Regional  Board’s  Execu- 
tive Officer. 

Wastes  Acceptable  at  Class  1 Sites 
No  limitation  as  to  solid  or  sludge  wastes. 

Wastes  Acceptable  at  Class  2 Sites 
All  wastes  excepting 

(a)  Liquid  and/or  soluble  industrial  wastes 

(b)  Toxic  ash 

(c)  Chemical  and  pesticide  containers 

The  usual  materials  acceptable  at  these  sites  are  household  and  commercial  refuse  and  rubbish, 
garbage  including  tin  cans,  and  other  decomposable  organic  refuse. 
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Wastes  Acceptable  at  Class  2 (special)  Sites 

Selected  wastes  of  the  above-listed  prohibition  for  Class  2 sites.  Each  waste  material  will  be 
considered  separately  as  to  type  and  quantity  for  discharge. 

Wastes  Acceptable  at  Class  3 Sites 

Limited  to  nonwater  soluble,  nondecomposable,  inert  solids. 


Whitewater  Hydro  Unit 

1.  The  discharge  of  natural  geothermal  waters  of  the  Miracle  Hill  Subarea  outside  of  the  Subarea 
is  prohibited. 

2.  The  use  of  surface  streams,  including  irrigation  drainage  streams  to  dilute  and/or  treat  wastewater 
discharges  is  prohibited. 

3.  The  extension  of  sewer  collection  systems  across  Jefferson  Street  is  prohibited. 

Imperial  Hydro  Unit 

New  and  Alamo  Rivers  and  other  Irrigation  Drains 

1.  Discharge  of  wastes  which  may  reasonably  be  expected  to  contain  pesticides,  and  particularly  the 
discharge  of  pesticidal  wastes  from  pesticide  manufacturing,  processing,  or  tank-cleaning  operations 
towards  these  waters  is  prohibited. 

2.  Discharge  of  wastes,  whose  total  filtrable  residue  concentration  exceeds  the  following  values, 
towards  these  waters  is  prohibited.  This  prohibition  shall  not  be  bypassed  by  diluting  the  wastes. 


3.  Notwithstanding  the  above  TFR  limitation,  the  discharge  of  wastes  whose  TFR  level  is  unreason- 
ably concentrated  in  relation  to  that  of  the  beneficial  use(s)  being  obtained  from  the  Colorado 
River  water  is  prohibited. 

4.  Discharge  of  wastes,  whose  suspended  matter  and  5-day  2(P  C.  biochemical  oxygen  demand 
(20°C  BOD5)  as  determined  on  unfiltered  samples  exceeds  the  following  limits,  to  irrigation 
drains  (not  including  direct  discharges  to  New  River  and  Alamo  River),  is  prohibited. 


PROHIBITIONS 


Occurrence 


TFR  (mg/1) 


Average 

Maximum 


4000 

4500 


III-79g 


Exhibit  III-B 


(continued) 


Constituent 

Unit 

Median 

Limiting  Values 

80 

Percentile 

Maximum 

Suspended  Matter 

mg/1 

20 

30 

- 

20°  C BOD  6 

mg/1 

20 

30 

40 

Where  necessary  in  specific  cases,  more  strict  limitations  will  be  placed  upon  the  suspended 
solids  and/or  20°  C BODg  of  specific  discharges. 

Salton  Sea 

1.  Discharge  of  sewage  (whether  treated  or  untreated)  to  Salton  Sea  is  prohibited. 

2.  Subsurface  discharge  of  sewage  within  100  feet  laterally  from  the  anticipated  high  shoreline  of 
Salton  Sea  or  at  any  other  location  which  might  result  in  effluent  channelling  to  Salton  Sea  is 
prohibited. 

3.  The  discharge  of  wastes,  whose  total  filtrable  residue  concentration  exceeds  the  following  values, 
towards  Salton  Sea  is  prohibited.  This  prohibition  shall  not  be  bypassed  by  diluting  the  wastes. 

Occurrence  TFR  (mg/1) 

Average  4000 

Maximum  4500 

4.  Notwithstanding  the  above  TFR  limitation,  the  discharge  of  wastes  whose  TFR  level  is  unreason- 
ably concentrated  in  relation  to  the  beneficial  uso(s)  being  obtained  from  the  Colorado  River  water 
or  other  water  source  is  prohibited. 

\ 

5.  Discharge  of  sewage  to  New  River  or  Alamo  River  which  is  not  preceded  by  treatment  at  least 
sufficient  to  result  in  substantially  complete  removal  of  settleable  and  floatable  materials  is 
prohibited. 
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CALIFORNIA  REGIONAL  WATER  QUALITY  CONTROL  BOARD 
COLORADO  RIVER  BASIN  REGION 


ORDER  NO.  72-50 

WASTE  DISCHARGE  REQUIREMENTS 
FOR 

GEOTHERMAL  ENERGY  AND  MINERAL  CORPORATION 
North  of  Westmorland  - Imperial  County 


The  California  Regional  Water  Quality  Control  Board,  Colorado  River 
Basin  Region,  finds  that? 

1.  Geothermal  Energy  & Mineral  Corporation, ' Thomas  H.  Denman, 
President,  hereinafter  referred  to  as  GEMC,  701  Lyer ly  Road, 
Calipatria,  California  92233,  submitted  a report  of  waste 
discharge  dated  May  26,  1972. 

2.  GEMC  proposes  to  discharge  1.2  MGD  of  brine  from  Sinclair 
Geothermal  Well  No.  4 in  the  SE^,  Section  4,  T12S,  R13E,  SBB&M. 
The  well  will  be  operated  for  a period  of  approximately 

90  days  and  will  discharge  into  a 17-acre  holding  basin.  A 
22-acre  holding  basin  will  be  used,  if  needed,  for  emergency 
overflow.  The  well  will  be  shut  off  when  the  depth  of  brine 
in  the  17-acre  holding  basin  reaches  an  average  depth  of 
approximately  three  feet.  Residual  salts  remaining  in  the 
basins  after  evaporation  of  excess  water  will  provide  GEMC 
with  a year's  supply  of  brine  and  will  be  disposed  of  in  one 
of  the  following  ways: 

a.  Material  will  be  sold  commercially. 

b.  Wastes  will  be  discharged  at  a solid  waste  disposal 
site  which  is  approved  by  the  Regional  Doard  to 
receive  this  type  of  material. 

c.  Wastes  will  be  reinjected  into  the  production  well. 

3.  The  Interim  Water  Quality  Control  Plan  for  the  West  Colorado 
River  Basin  was  adopted  on  June  10,  1971?  and  this  Order  imple- 
ments the  objectives  stated  in  the  Plan. 

4.  The  beneficial  uses  of  ground  and  surface  waters  in  the  vicini- 
ty of  the  waste  discharge  are: 

a.  Shallow  groundwaters  are  too  saline  to  be 
beneficially  used. 

b.  Surface  waters  contained  in  irrigation  drains  are  a 
source  of  replenishment  for  Salton  Sea.  The  beneficial 
uses  of  Salton  Sea  that  may  be  directly  affected  are 
aquatic  and  wildlife  resources  and  water  contact  sports. 
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5.  The  Board  has  notified  the  discharger  and  interested  agencies 
and  persons  of  its  intent  to  prescribe  waste  discharge  require- 
ments for  the  proposed  discharge. 

6.  The  Board  in  a public  meeting  heard  and  considered  all  comments 
pertaining  to  the  discharge. 

IT  IS  HEREBY  ORDERED,  Geothermal  Energy  and  Mineral  Corporation  shall 
comply  with  the  following: 

A.  Discharge  Specifications 

1.  Neither  the  treatment  nor  the  discharge  shall  cause  a pollution 
or  a nuisance. 

2.  Temporary  discharge  and/or  storage  of  geothermal  materials, 
other  than  into  the  reported  22  and  17-acre  holding  basins, 
is  prohibited. 

3.  There  shall  be  no  seepage  or  overflow  from  the  holding  basin 
facilities. 

4.  Geothermal  wastes  shall  not  enter  Salton  Sea,  canals,  drains 
(including  subsurface  drainage  systems),  or  any  subsurface 

» strata  which  could  provide  flow  or  seepage  to  Salton  Sea. 

5.  The  discharge  shall  termir&e  not  later  than  ninety  (90)  con- 
secutive days  after  its  inception  on  or  before  September  1, 1972. 

6.  The  discharge  shall  not  exceed  1.2  million  gallons  per  day. 

7.  All  seepage  from  the  holding  basins  shall  be  intercepted  and 
discharged  back  into  said  basins. 

8.  A minimum  freeboard  of  at  least  three  feet  shall  be  maintained 
in  the  holding  basins. 

9.  Adequate  protective  works  and  maintenance  shall  be  provided  to 
assure  that  facilities  will  not  become  eroded  or  otherwise 
damaged  so  as  to  threaten  discharge  towards  Salton  Sea. 

10.  By  not  later  than  December  1,  1973,  all  geothermal  materials 
shall  be  removed  from  said  holding  basins,  and  shall  either 
be  injected  into  the  production  well,  or  otherwise-discharged 
in  compliance  with  Board  requirements. 
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B.  Provisions 


1*  GEMC  shall  comply  with  the  "Monitoring  and  Reporting  Program 
No;  72-50"  and  the  "General  Provisions  for  Monitoring  and 
Reporting",  and  future  revisions  thereto,  as  specified  by  the 
Executive  Officer. 

2.  Transport  of  liquid  wastes  shall  be  in  accordance  with  the  pro- 
visions of  Article  2 of  Chapter  1 of  Division  7.5  of  the 
California  Water  Code;  and  in  accordance  with  rules  and  regula- 
tions contained  in  Subchapter  13  of  Chapter  3 of  Title  23  of 
the  California  Administrative  Code. 

3.  Prior  to  the  discharge  of  any  geothermal  materials  into  said 
basin,  the  discharger  shall  submit  to  the  Regional  Board,  a 
certificate  signed  by  a California  Registered  Civil  Engineer 
stating  that  the  basins  and  attendant  facilities  are  construct- 
ed to  meet  the  requirements  contained  in  this  Order,  and  to 
otherwise  prevent  discharge  towards  Salton  Sea. 


I,  Arthur  Swajian,  Executive  Officer,  do  hereby  certify  the  foregoing 
is  a full,  true,  and  correct  copy  of  an  Order  adopted  by  the  Califor** 
nia. Regional  Water  Quality  Control  Board,  Colorado  River  Basin  Region, 


on 


JUL  13  197? 


<7 


Executive  Officer 
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CALIFORNIA  REGIONAL  WATER  QUALITY  CONTROL  BOARD 
COLORADO  RIVER  BASIN  REGION 


MONITORING  AND  REPORTING  PROGRAM  NO.  72-50 

for 

GEOTHERMAL  ENERGY  AND  MINERAL  CORPORATION 
North  of  Westmorland  - Imperial  County 


Location:  SE^,  Section  4,  T12S,  R13E,  SBB&M 

MONITORING 


Geothermal  Energy  and  Mineral  Corporation  shall  report  to  the  Regional 
Board  concerning  the  following: 


Vail  4ft  Drain 


The  waters  contained  in  Vail  4A  Drain  shall  be  monitored  at  its  inter- 
section with  Lindsey  Road  and  at  a point  200  feet  below  the  most 
northerly  brine  containment  basin  for  the  following: 

Constituent  Units  Reporting  Frequency 

Total  Filtrable  Residue  mg/1  (a)  Twice-monthly,  during  90-day 

production  period. 

(b)  Monthly  thereafter,  until 
Specification  No.  10  is 
complied  with. 


Item 


Other  Reports 


Units 


Reporting 

Frequency 


1.  _ Discharge  to  storage  basins  Gallons  Monthly 

2.  Volume  injected  into  subsurface 

strata  Gallons Monthly 

3.  Volume  discharged  at  Regional  Board 

approved  disposal  site  Gallons  or  Tons  .....  Monthly 

4.  Date  of  commencement  of  discharge  to 

holding  basins. 

5.  Date  of  ending  of  ninety  (90)  day 

discharge  period. 


6.  Date  each  injection  begins. 

7.  Date  each  injection  ends. 

8.  Zone  or  zones  used  for  injection 

of  wastes. 

9.  Report  on  completion  of  final  cleanup. 
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HE PORT IMG 


Monthly  reports  shall  bo  submitted  to  tho  Regional  Board  by  the  15th 
day  of  tho  following  month  at  tho  following  address s 

California  Regional  Water  Quality  Control  Board 
Colorado  River  Basin  Region 
P,0.  Drawer  I 
Indio,  Cl\  92  201 


Ordered  by: 


Executive  Officer 
JUL  13  197? 


Date 
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CALIIORMIA  REGIONAL  WATER  QUALITY  CONTROL  BOARD  - 7 


6E»4,  Section  4,  T12S,  R13E,  SBB&M 


III-80e 


March  22,  1972 


D.  ADVERSE  IMPACTS  WHICH  CANNOT  BE  AVOIDED  SHOULD  THE  PROPOSAL  BE 
IMPLEMENTED 

The  Geothermal  Steam  Act  requires  that  the  Secretary  of  the  Interior 
promulgate  rules  and  regulations  as  he  may  deem  appropriate  to  carry  out 
the  provisions  of  this  Act  (PL  91-581,  Sec.  24).  While  no  environmental 
impacts  result  directly  from  the  issuance  of  such  regulations,  impacts 
will  result  from  implementation  of  pre-leasing,  leasing,  and  operational 
activities.  Potential  impacts  and  mitigating  measures  associated  with 
such  activities  have  been  discussed  in  the  preceding  sections. 

The  rules  and  regulations,  lease  provisions,  and  General  Resources 
Operational  Orders  are  designed  to  assure  that  geothermal  resources  are 
developed  and  utilized  in  an  environmentally  acceptable  manner.  In 
those  instances  where  this  cannot  be  done,  development  and  use  will  not 
be  permitted.  However,  virtually  any  human  use  of  lands  and  their 
resources  may  have  some  degree  of  adverse  impact.  Where  benefits  warrant 
acceptance  of  minor  impacts,  such  uses  may  be  appropriate, provided  the 
adverse  impacts  have  been  adequately  recognized,  mitigated  to  the  extent 
possible,  and  are  not  so  serious  as  to  preclude  the  proposed  action.  The 
following  discussion  summarizes  the  type  of  adverse  impacts  that  may  be 
unavoidable  should  the  proposal  be  implemented. 

1.  Exploration  Phase 

Exploration  activities  will  involve  physical  presence  upon  the  land  which 
may  result  in  damages  to  the  land  and  resources  thereon.  Exploration 
activities  include,  but  are  not  limited  to,  geophysical  operations,  drill- 
ing of  shallow  temperature  gradient  wells,  construction  of  access  roads 
or  trails,  and  cross-country  transit  by  foot,  animals,  or  vehicles. 

Even  though  persons  conducting  exploration  operations  comply  with  all  of 
the  general  and  specific  terms  and  conditions  of  the  "Notice  of  Intent 
to  Conduct  Exploration  Operations,"  including  the  restoration  of  areas  as 
near  as  possible  to  their  original  condition,  some  adverse  impacts  still 
may  result.  Examples  are: 

(a)  Vehicle  travel  will  result  in  dust,  exhaust  gases,  noise,  disturbance 
of  wildlife,  injury  or  killing  of  livestock  or  wildlife,  accidents,  etc. 
When  existing  roads  are  used,  such  impacts  would  be  nominal  since  they 
primarily  would  be  the  result  of  increased  traffic.  Advance  approval  will 
be  required  for  construction  of  new  roads  or  trails  to  assure  proper  con- 
struction and  restoration.  However,  there  will  be  a certain  amount  of 
disturbance  of  vegetative  cover  and  soil  surface  from  cross-country  travel 
on  roads  or  trails  that  can  have  temporary  impacts  until  cover  is  restored 
and  the  soil  is  stabilized.  Evidence  of  such  roads  or  trails  may  remain 
for  several  years  which  could  be  conducive  to  casual  use  by  others  that 
could  result  in  damage.  Failure  to  comply  with  regulations  or  exploration 
stipulations  could  result  in  similar  impacts  but  damages  could  be  more 
significant,  particularly  if  such  improper  use  was  not  promptly  detected 

and  corrected. 
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(b)  Drilling  of  shallow  holes  or  blasting  may  be  necessary  which  may  result 
in  minor  vegetative  and  surface  disturbance  in  the  immediate  area  of  activ- 
ity. All  drill  holes  will  be  small  and  shallow  and  are  to  be  capped  when 
not  in  use  so  no  damage  is  anticipated  from  such  holes.  If  not  capped, 
small  animals  could  fall  into  the  holes  and  perish. 

(c)  The  presence  of  men  and  equipment  will  present  an  additional  fire  risk 
in  areas  of  high  fire  hazard.  Even  though  operators  are  required  to  make 
every  reasonable  effort  to  prevent,  control  or  supress  fires  started  by 
their  operations,  there  can  be  accidents,  human  error  or  carelessness, 
equipment  faults  or  failures,  etc.  which  could  result  in  fires  that  could 
have  serious  environmental  consequences.  Similar  risks  are  associated 
with  virtually  any  human  use  of  areas  subject  to  serious  grass,  brush, 

or  forest  fires. 

2.  Test  Drilling  Phase 

Following  award  of  leases,  heavy  equipment  capable  of  drilling  to  depths 
of  several  thousand  feet  would  be  required.  The  enlargement  and  improve- 
ment of  existing  roads  or  construction  of  new  roads  to  provide  access  for 
drilling  equipment  and  supplies  to  the  drilling  site  would  involve  unavoid- 
able impacts  from  vegetative  cover  removal,  surface  disturbance,  cuts  and 
fills  for  roadbed,  soil  erosion  and  siltation  during  construction  and,  to 
a lesser  degree,  some  impacts  even  after  banks  were  stabilized,  vegetative 
cover  was  restored,  and  adequate  drainage  was  installed.  At  each  drilling 
site  a level  area  of  approximately  one-half  to  one  acre  is  required  for 
drilling  operations.  In  hilly  country  this  could  necessitate  considerable 
grading.  While  compliance  with  lease  and  GRO  Orders  will  prevent  serious 
adverse  impacts,  some  minor  impacts  still  will  result.  Most  of  the  poten- 
tial impacts  listed  under  exploration  could  be  expected  with  some  intensi- 
fication in  areas  of  heavy  activity. 

During  grading  and  drilling  operations,  moderate  levels  of  noise  from 
equipment  operations  would  be  unavoidable.  Even  where  special  noise  con- 
trol measures  are  required,  noise  levels  will  be  above  natural  levels. 

Physical  land  modification  will  be  greater  at  this  stage  which  could 
result  in  loss  of  wildlife  forage  and  wildlife  values  in  the  areas  of 
operation.  Such  impacts  generally  would  be  of  a temporary  nature.  Some 
siltation  or  other  degradation  of  surface  waters  may  result  from  clearing 
and  earth  moving  or  from  drilling  operations  which  could  result  in  local- 
ized damage  to  fish  and  wildlife.  There  could  be  some  reduction  of  public 
use  of  areas  for  recreation,  hunting,  etc.  during  periods  of  test  drilling 
activities  to  protect  equipment  and  facilities  and  to  reduce  hazards  to 
the  public.  Surface  disturbance  scars  would  be  larger  and  possibly  per- 
manent in  nature. 

Well  blowouts  could  result  in  significant  venting  of  steam,  associated 
gases  and  brackish  water  to  the  atmosphere,  ground  area  and  surface  water, 
creating  air  and  water  contamination  as  well  as  high  noise  levels  and 
exposing  individuals  to  possible  injury. 
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While  modern  drilling  techniques  are  capable  of  preventing  such  accidents, 
there  is  still  the  possibility  they  may  happen  due  to  human  error,  equip- 
ment failure,  or  other  factors.  Adverse  impacts  would  continue  until  the 
blowout  is  controlled.  The  seriousness  of  the  incident  could  range  from 
minor  to  serious,  depending  upon  location,  nature  of  geothermal  emissions, 
duration  of  blowout,  natural  resource  and  environmental  values  proximate 
to  the  area,  etc.  Blowouts  also  could  result  from  subsequent  events  such 
as  earth  slides,  seismic  action,  vandalism,  etc. 

3.  Production  Testing  Phase 

The  most  significant  feature  of  production  testing  of  vapor  dominated  sys- 
tems is  the  release  of  high  volumes  of  steam  for  periods  of  as  long  as 
several  weeks  or  even  months.  This  is  necessary  until  the  flow  stabilizes 
at  a uniform  level.  During  this  period  the  noise  impact  and  gaseous  emis- 
sions would  be  at  their  maximum  level.  The  degree  of  noxious  gas  released 
to  the  surrounding  atmosphere  would  depend  upon  the  composition  of  the 
steam.  Release  of  steam  that  contains  hazardous  toxic  levels  would  not  be 
permitted,  but  less  than  toxic  condensations  still  could  have  odor  or  other 
adverse  impacts.  Noise  could  disturb  wildlife  or  people. 

In  water-dominated  reservoirs,  production  testing  likewise  requires  produc- 
tion of  the  formation  fluid  over  an  extended  period.  Disposal  of  produced 
water  could  have  an  environmental  impact  if  the  water  containing  salts  or 
other  toxic  substances  should  be  released  to  the  surface  environment. 

Large  volumes  of  liquids  could  be  involved.  If  not  properly  contained  or 
reinjected,  they  could  seriously  impact  on  surface  water  quality  and 
related  fish,  wildlife,  or  other  water-related  values. 

4.  Full-Scale  Operation  Phase 

Full-scale  operation  will  require  complete  development  of  well  and  steam 
transmission  systems,  power  generation  facilities,  transmission  lines, 
permanent  roads,  etc.  Many  of  the  potential  adverse  impacts  associated 
with  exploration  and  testing  will  no  longer  exist  but  other  impacts  may 
increase  in  proportion  to  the  scale  of  development.  Currently  about  10 
wells  are  needed  to  supply  each  generating  station.  Each  well  will  involve 
clearing,  grading,  and  improvements.  Steam  pipelines  connecting  wells  to 
the  generators  likewise  require  clearing  and  grading.  During  construction 
there  will  be  considerable  activity,  noise,  movement  of  earth,  dust,  etc. 
After  construction  is  completed  and  all  necessary  environmental  protection 
measures  are  taken,  the  nature  of  the  site  will  be  changed  from  its  former 
state  to  an  industrial  complex.  Cuts,  fills,  clearings,  buildings,  power 
lines,  etc.  will  represent  permanent  changes  in  the  landscape  and  affect 
aesthetic  quality.  Many  recreation  activities,  particularly  hunting  and 
off-road  vehicle  use,  will  be  eliminated  from  the  industrially  developed 
areas.  However,  the  actual  acreage  occupied  by  these  areas  is  not 
expected  to  be  large. 

Other  recreation  activities  such  as  overnight  camping  lose  much  of  their 
quality  if  they  are  carried  out  within  sight  or  sound  of  the  industrial 
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atmosphere  created  by  geothermal  development.  The  effect  would  be  more 
pronounced  in  open  grassland  and  desert  areas  where  visibility  is  great 
and  sound  carries  for  long  distances. 

Even  with  adequate  controls,  full-scale  operations  will  involve  higher  than 
natural  noise  levels,  emission  of  steam  and  other  gases  to  the  atmosphere, 
disturbance  from  operational  activities,  additional  vehicle  traffic,  etc. 
Transmission  lines  will  be  a hazard  to  some  wildlife  as  they  may  result  in 
minor  levels  of  electrocution  of  eagles,  hawks,  and  other  birds.  Trans- 
mission lines  damaged  from  storms  or  other  failures  can  result  in  fires  or 
personal  injury  but  to  no  greater  extent  than  lines  built  in  connection 
with  other  power  systems  under  similar  conditions. 

Potential  adverse  impacts  would  be  introduced  during  full-scale  operation 
from  possible  land  subsidence  or  increased  seismic  activity.  However,  a 
significant  impact  from  these  causes  would  not  be  expected  until  major 
production  begins. 

Land  subsidence  occurs  because  of  compaction  of  the  reservoir  materials  as 
fluid  is  removed  and  reservoir  pressure  decreases.  This  is  a consequence 
°f  fluid  production  followed  by  some  compaction  in  a confined  system  with 
substantial  pressure  decline.  The  amount  and  distribution  of  subsidence 
is  a function  of  pressure  decline  and  physical  character  of  the  reservoir 
materials,  especially  their  compressibility.  Land  subsidence  due  to  fluid 
withdrawal  occurs  mainly  in  areas  of  poorly  consolidated  sedimentary  rocks. 
Areas  underlain  by  well-indurated  sedimentary  rock  and  crystalline  igneous 
and  metamorphic  rocks  generally  are  not  subject  to  significant  compaction 
and  subsidence.  Once  subsidence  occurs,  it  cannot  be  reversed,  even  by 
fluid  injection.  Water  storage  capacity  would  be  correspondingly  reduced. 

Land  subsidence  roughly  can  be  predicted  from  tests  of  core  material  prior 
to  production,  but  the  only  precise  measure  is  obtained  by  measurement  of 
surface  altitude  before  and  during  production.  The  impact  of  subsidence 
may  be  negligible  in  isolated  or  undeveloped  areas,  but  in  a developed  area, 
particularly  whefe  rivers  and  engineering  structures  such  as  canals  require 
maintenance  of  a constant  grade,  the  adverse  impact  could  be  very  severe. 
Wells  penetrating  compacting  sections  commonly  could  be  severely  damaged  by 
the  compaction. 

One  means  of  alleviating  the  potential  subsidence  problem,  and  at  the  same 
time  disposing  of  unwanted  waste  water,  is  through  pressure  maintenance  by 
reinj ection  of  such  wastes  through  wells  completed  in  the  producing  zone 
or  in  another  reservoir.  However,  this  can  lead  to  the  potential  adverse 
impact  of  increasing  seismicity.  As  noted  earlier,  experience  in  several 
parts  of  the  world  has  shown  that  pronounced  changes  in  fluid  pressure  in 
confined  systems  can  lead  to  instability  and  subsequent  earthquakes.  Indeed, 
fluid  injection  int  > fault  systems  has  been  proposed  as  a means  of  trigger- 
ing earthquakes  and  thus  relieving  accumulated  strain  before  a major  earth- 
quake occurs.  The  elationship  of  fluid-pressure  changes  to  earthquakes  is 
not  well  known  and  research  in  this  field  has  barely  begun.  Impacts  could 
be  beneficial  or  adverse. 
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While  geothermal  development  will  impose  some  unavoidable  adverse  environ- 
mental impacts,  it  appears  to  have  the  potential  of  being  less  environment- 
ally damaging  than  other  power  generation  systems  using  coal,  oil,  or  nuclear 
energy  sources.  To  the  extent  that  there  are  net  reductions  in  air,  water, 
or  land  adverse  impacts,  such  differences  represent  a positive  benefit  from 
use  of  geothermal  resources. 
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E.  THE  RELATIONSHIP  BETWEEN  LOCAL  SHORT-TERM  USES  OF  MAN'S  ENVIRONMENT 
AND  MAINTENANCE  AND  ENHANCEMENT  OF  LONG-TERM  PRODUCTIVITY 

1.  General 


The  leasing  of  lands  for  geothermal  resource  development  Involves  the 
commitment  of  a portion  of  the  geothermal  heat,  water,  and  related  land 
areas  and  resources  of  the  sites  involved.  The  extent  and  nature  of  these 
commitments  and  an  assessment  of  their  potential  environmental  impacts  have 
been  described  in  detail  in  the  preceding  sections.  It  is  particularly 
significant  to  recognize  that  the  geothermal  heat  is  a wasting  resource 
that  otherwise  would  be  dissipated  over  time  from  the  surface  of  the  earth 
to  the  atmosphere  with  little  or  no  identifiable  benefit.  By  contrast, 
development  of  this  resource  in  an  environmentally  acceptable  manner  can 
have  substantial  benefit  by  affording  a relatively  clean  power  generation 
energy  source. 

The  exploration  and  testing  phases  of  geothermal  leasing  are  designed  to 
determine  the  nature  and  extent  of  geothermal  resources.  Generally  the 
active  portion  of  this  phase  is  of  short  duration,  sometimes  extending 
only  over  a period  of  days,  months  or,  at  most,  a few  years.  It  may  be 
intensive  and  continuous  for  short  periods  or  periodic  over  several  years. 
Where  such  exploration  proves  unsuccessful  there  would  not  be  subsequent 
use  of  the  lands  for  development  and  production  of  geothermal  resources. 
Under  such  conditions,  leases  would  terminate  at  the  end  of  the  10-year 
primary  term.  However,  in  many  instances  such  leases  would  be  relinquished 
by  the  lessee  at  an  earlier  date  to  avoid  additional  lease  payment  costs. 
Exploration  and  lease  provisions  require  that  lands  disturbed  by  unsuccess- 
ful exploration  will  have  to  be  restored  as  nearly  as  possible  to  their 
original  condition  upon  termination  of  these  activities.  Such  restoration 
would  include  measures  such  as  grading,  installing  proper  drainage,  soil 
stabilization,  revegetation,  removal  of  all  equipment  and  supplies,  proper 
removal  or  disposal  of  all  wastes,  filling  in  of  holding  ponds,  etc. 

Except  for  scars  from  leveling  of  drilling  sites,  roads  or  other  major 
earth  movement,  the  areas  should  return  to  natural  conditions  in  a short 
time.  Changes  in  vegetative  cover  may  result,  depending  upon  whether  native 
or  non-native  plants  are  used.  In  some  instances,  such  changes  could  be 
beneficial  for  wildlife.  In  a few  years,  native  vegetation  may  retake  the 
area  in  some  biomes.  In  the  desert  biome,  aesthetic  and  vegetative  impacts 
may  last  over  a long  period  of  years  due  to  slow  natural  recovery  factors. 

Where  exploration  discloses  the  existence  of  economically  attractive  geo- 
thermal resources,  the  development  and  production  of  such  resources  for 
electric  power  generation,  and  possibly  water  and  mineral  by-products, 
could  be  expected  to  occur.  Timing  of  such  development  will  depend  upon 
electric  power  markets,  power  transmission  systems,  construction  schedules, 
etc.  Once  production  begins,  the  geothermal  resource  would  be  withdrawn 
at  a rate  greater  than  the  natural  replenishment  rate.  Over  a period  of 
years  (perhaps  20  to  50  years,  depending  upon  the  nature  of  the  resource 
province)  production  capacity  would  be  depleted  to  the  point  where  further 
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operation  would  not  be  economically  feasible.  When  the  reservoir  is  no 
longer  capable  of  sustaining  the  geothermal  operation,  the  leases  would 
terminate,  the  facilities  would  be  dismantled,  and  the  land  would  be 
restored,  insofar  as  practicable,  to  its  original  condition.  Most  of  the 
area  involved  in  the  operation  would  have  become  well  stabilized  except 
for  the  actual  areas  used  for  the  generation  facilities,  roads,  or  other 
structures  or  facilities.  Removal  of  improvements  would  result  in  some 
disturbance,  particularly  in  well  and  steam  pipeline  areas,  but  such  dis- 
turbance would  be  of  a temporary  nature  and  subject  to  appropriate  restora- 
tion. Unless  the  land  areas  occupied  by  production  facilities  were  to  be 
used  for  some  subsequent  and  nonrelated  purpose,  they  would  be  properly 
graded,  drained,  stabilized,  and  revegetated  so  that  they  would  again 
become  a part  of  the  natural  environment.  Relatively  large  areas  of  level 
land  would  remain,  such  as  the  power  generator  site.  Cuts  and  fills  for 
roads,  steam  pipeline  routes,  etc.  likewise  would  remain  visible.  However, 
the  combination  of  restoration  and  natural  vegetative  recovery  will,  over 
time,  result  in  a near  natural  setting  with  only  contour  change  as  evidence 
of  prior  uses.  The  lands  would  return  to  their  former  productivity  or 
they  would  be  available  for  other  appropriate  uses. 

2.  The  Resource 


By  developing  geothermal  resource  potentials,  a previously  unused 
natural  resource  would  be  tapped  to  help  meet  the  Nation's  growing 
energy  needs,  especially  the  need  for  electric  power.  While  the  benefit 
primarily  would  be  in  the  West,  actual  benefits  would  be  national  as  well 
since  it  would  preclude  the  need  for  providing  alternative  sources  of 
power,  e.g.,  oil,  coal,  nuclear  resources,  etc.  from  other  regions  or  even 
foreign  countries.  Such  resources  then  could  be  used  as  necessary  to  meet 
the  needs  of  other  areas. 

The  generation  of  power  would  be  the  principal  use  of  geothermal  resources. 
However,  there  also  is  a good  possibility  that  by-products  of  water  or 
minerals  might  be  possible,  at  least  at  some  locations.  In  terms  of  total 
energy  requirements,  the  contribution  of  geothermal  resources  may  be  rela- 
tively small  but  it  can  be  important,  particularly  on  a local  or  regional 
basis.  In  most  instances  the  relatively  small  generation  capacity  for 
each  site  will  serve  to  supplement  other  forms  of  electrical  energy  genera- 
tion. As  such,  it  will  replace  an  equivalent  amount  of  electricity  that 
otherwise  would  have  had  to  have  been  produced  from  an  alternative  source, 
probably  steam-electric  systems,  using  natural  gas,  oil,  coal,  or  nuclear 
fuels.  The  use  of  such  fuels,  particularly  oil,  coal,  and  nuclear,  gener- 
ally imposes  greater  adverse  environmental  effects  than  will  result  from 
use  of  geothermal  resources.  Such  problems  involve  air  pollution,  water 
pollution,  radioactive  exposure,  thermal  waste  discharges  to  water  or  air, 
land  disturbance  from  mining,  transportation  hazards,  etc. 

Geothermal  resources  may  contribute  to  the  production  of  chemicals  from 
the  brines  and  fresh  water  through  desalinization.  In  many  cases  the  geo- 
thermal resources  may  not  be  of  sufficient  temperature  to  be  useful  for 
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electric  power  production  but  will  be  useful  for  space  heating  or  industrial 
processing. 

While  depletion  of  some  of  the  heat  within  the  geothermal  reservoir  would 
occur  over  the  period  of  operations,  no  permanent  adverse  effect  is  antici- 
pated. Over  time,  perhaps  a hundred  or  more  years,  natural  heat  transfer 
within  the  earth  might  even  return  the  heat  content  to  nearly  the  same 
intensity  as  existed  before  utilization.  At  some  time  in  the  relatively 
distant  future  it  might  be  possible  for  such  areas  to  again  be  used  for 
similar  productivity.  Any  use  of  by-product  minerals  probably  would  repre- 
sent mineral  recovery  that  otherwise  would  never  have  occurred.  Such  use 
would  preclude  the  need  to  obtain  a like  amount  of  such  materials  from 
other  sources.  Where  waste  waters  are  reinjected,  the  associated  mineral 
values  would  be  returned  to  the  earth. 

3.  Water 

The  consumptive  use  of  water  resources,  primarily  geothermal  fluids,  in  the 
power  generation  or  mineral  by-product  process  would  constitute  a depletion 
of  the  gross  water  resources  of  the  area.  To  the  extent  that  geothermal 
fluids  are  withdrawn  from  the  subsurface  reservoir  and  not  replaced  by 
reinjection  or  natural  recharge,  the  water  so  consumed  would  represent 
depletion  of  water  in  storage.  However,  in  most  instances,  due  to  high 
mineral  content,  this  would  be  water  that  otherwise  probably  would  not  be 
used.  If  subsidence  should  occur,  the  water  storage  capacity  of  the  geo- 
thermal reservoir  would  be  permanently  reduced  but  since  such  waters  prob- 
ably could  not  be  used  for  other  purposes  within  the  foreseeable  future, 
the  reduced  storage  impact  may  not  be  adverse  in  terms  of  future  water 
productivity. 

Geothermal  fluids  also  may  be  of  sufficient  purity  to  be  used  directly  for 
irrigation  or  other  purposes  after  the  fluid  has  been  cooled.  This  could 
provide  a source  of  fresh  water  during  the  period  of  power  operation  and 
it  is  possible  that  the  wells  could  continue  to  be  used  even  after  power 
production  has  ended.  In  some  areas,  such  as  Imperial  Valley,  the  geo- 
thermal fluids  are  expected  to  be  concentrated  brine  which  would  not  be 
suitable  for  any  other  purpose.  In  such  situations,  the  wells  would  be 
sealed  upon  termination  of  power  generation.  The  use  of  such  water  should 
not  affect  water  resources  available  for  beneficial  use. 

Under  the  proposed  controls  for  waste  disposal,  degradation  of  surface  and 
fresh  ground  waters  is  not  expected  to  be  significant,  expecially  in  a 
long-term  sense.  Mishaps  or  accidents  may  have  short-term  impacts  that, 
depending  upon  the  volume  and  nature  of  discharge  involved,  could  be  serious, 
particularly  on  aquatic  resources.  However,  corrective  measures  such  as 
dilution,  diversion  of  waste  waters  from  streams,  capturing  water  in 
impoundments,  etc  should  provide  adequate  measures  against  serious  or  long- 
term impacts. 
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4 .  Land 


Land  uses  during  the  period  of  production  operations  would  be  changed  to 
industrial  operations  from  fish  and  wildlife  habitat,  recreation,  grazing, 
forests,  agriculture,  etc.  However,  many  such  uses  could  continue  on  a 
reduced  compatible  basis.  Wells,  pipelines,  power  plants,  by-product 
facilities,  and  power  transmission  facilities  would  dominate  the  local  area. 
Public  access  in  the  vicinity  of  such  facilities  would  have  to  be  restricted 
to  protect  the  public  and  the  facilities.  Development  and  production  of 
geothermal  resources  generally  are  not  expected  to  have  any  lasting  or 
inhibiting  effects  on  the  use  of  the  land  after  geothermal  operations  have 
been  concluded  and  the  facilities  have  been  removed. 

Should  geothermal  production  result  in  land  subsidence,  which  is  an  irre- 
versible process,  the  subsidence  would  constitute  a long-term  effect  on 
the  land  resources.  Such  subsidence  would  not  significantly  affect  use  of 
the  land  in  most  areas,  except  where  changes  in  slope  and  elevation  could 
affect  waterways  and  engineering  works.  Such  changes  would  represent  a 
serious  short-term  impact  on  engineering  structures  but,  in  the  long  term, 
could  be  accommodated  by  engineering  modifications,  mainly  realignment  and 
reconstruction  of  the  affected  structures  or  works.  Impact  on  waterways 
could  be  irreversible. 

5.  Fish  and  Wildlife 


Geothermal  resource  development  could  result  in  certain  localized  and 
regional  adverse  impacts  on  fish  and  wildlife  and  their  habitat.  There 
could  be  a loss  of  wildlife  habitat  in  the  immediate  vicinity  of  installa- 
tions, minor  loss  of  birds  from  collision  with  and/or  electricution  on 
electric  distribution  lines,  and  potential  danger  to  fish  and  other  aquatic 
life  from  toxic  fluids  in  the  water.  In  addition,  restrictions 
of  public  access  would  reduce  hunting  and  related  recreational  opportun- 
ities in  the  vicinity  of  installations.  A change  in  the  natural  setting 
of  lands  could  result  in  long-range  effects  on  wildlife  by  rendering  some 
lands  less  desirable  for  wildlife  habitat  purposes.  Wildlife  values 
probably  would  reestablish  themselves  as  soon  as  the  operations  are  termi- 
nated. In  some  instances  they  may  even  benefit  from  this  use. 

6 .  Economic  and  Social 

Geothermal  development  requires  substantial  investment  in  drilling  wells 
and  construction  of  roads,  pipelines,  power  and  by-product  plants,  and 
transmission  lines.  Such  investments  result  in  an  increased  tax  base  for 
the  area  of  development.  However,  the  labor-intensive  phase  is  short-term, 
occurring  primarily  during  field  development,  and  would  not  result  in  sig- 
nificant changes  in  population  distribution.  The  economic  benefits  prob- 
ably would  be  more  in  the  nature  of  transfer  benefits  as  a corresponding 
power  generation  capacity  would  have  to  be  developed  elsewhere  if  the  geo- 
thermal resources  were  not  developed. 
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Table  III-ll  reflects  estimated  costs  of  electricity  from  variously  fueled 
plants.  Generally  the  costs  for  a hot  water  geothermal  plant  are  compar- 
able to  hydroelectric,  nuclear,  and  oil  fired  plants.  Dry  steam  plants 
would  be  much  less  costly,  but  few  dry  steam  sources  are  expected  to  be 
found.  Gas  fired  power  plants  have  a cost  advantage  but,  due  to  the 
increasing  scarcity  of  natural  gas,  continued  use  of  remaining  supplies 
represents  a waste  of  this  cleanest  of  energy  resources.  Coal  fired  plants 
appear  to  have  a cost  advantage  provided  increasingly  stringent  air  quality 
standards  can  be  met  without  significant  increases  in  coal  production  or 
utilization  processes. 

Geothermal  resources  can  be  economically  competitive  where  such  resources 
can  be  developed  near  existing  power  systems  or  where  additional  trans- 
mission costs  are  nominal.  Since  the  generation  capacity  at  each  site  may 
be  small,  substantial  investments  in  power  transmission  systems  could  cause 
such  development  to  be  uneconomic. 

There  could  be  some  aesthetic  or  social  impacts  in  terms  of  increased  noise 
levels,  odors,  additional  traffic,  etc.  even  though  all  of  the  environmental 
stipulations  of  the  permits  are  met.  These  would  be  minor  but  objection- 
able in  terms  of  pre-operational  conditions.  Since  such  operations  could 
continue  for  a period  of  25  to  50  years,  they  would  exist  during  most  of 
the  lifetime  of  local  residents  or  users  of  these  areas. 
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Table  III-ll.  Estimated  Cost  of  Electricity  from  Variously  Fueled  Plants 
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F.  ANY  IRREVERSIBLE  AND  IRRETRIEVABLE  COMMITMENTS  OF  RESOURCES  WHICH 
WOULD  BE  INVOLVED  IN  THE  PROPOSED  ACTION  SHOULD  IT  BE  IMPLEMENTED 


This  topic  is  generally  covered  in  the  preceding  section.  The  principal 
commitment  of  resources  would  be  the  depletion  of  thermal  energy  and  water 
from  the  geothermal  reservoir.  Both  of  these  resources  are  renewable  but 
not  within  the  life  span  of  a specific  project.  Once  they  were  depleted 
to  the  point  where  economic  production  could  not  continue,  production 
would  stop,  facilities  would  be  removed,  and  the  area  would  be  restored 
to  as  nearly  a natural  state  as  is  practicable.  There  is  no  foreseeable 
alternative  use  of  the  stored  energy  other  than  possible  space  heating. 

The  associated  water  produced  by  the  operation  could  be  of  significant 
value  if  it  were  of  sufficiently  good  quality,  either  naturally  or  by 
desalination,  to  be  used  for  other  purposes. 

Compaction  and  resulting  land  subsidence  that  may  result  from  the  remov.  x 
of  geothermal  fluids  could  have  irreparable  consequences.  An  equivalent 
amount  of  water  storage  would  be  lost.  In  developed  areas,  substantial 
adjustments  might  be  required  to  compensate  for  such  subsidence  (agri- 
cultural lands,  irrigation  canals,  highway  drainage,  etc.).  If  seismic 
action  should  result  from  fluid  withdrawal  or  reinjection,  there  could 
be  considerable  damage,  depending  upon  the  severity  of  such  action. 

Some  onsite  or  related  ecological  features  such  as  plant  life,  wildlife, 
and  aesthetics  could  be  altered.  Cuts  and  fills  for  plant  sites,  produc- 
tion wells,  roads,  etc.  could  leave  landscape  scars.  In  some  instances, 
roads  might  be  retained  as  permanent  access  routes  to  facilitate  other 
land  uses.  The  extent  of  such  alterations  will  depend  upon  the  individual 
site  and  the  nature  of  development. 

Dedication  of  the  land  surface  to  industrial  uses  generally  will  result  in 
land  areas  being  used  for  wells,  associated  surface  facilities,  powerplants, 
roads,  and  transmission  lines.  While  not  of  a permanent  nature,  such  uses 
will  represent  a commitment  for  a period  of  25  to  50  years.  This  is  a 
relatively  long  period  in  terms  of  human  lifetimes  and  related  alternative 
uses  of  these  lands  and  their  other  resources.  Human  energy,  money,  and 
construction  materials  are  other  resources  irretrievably  committed  in  the 
development  of  geothermal  steam.  However,  to  the  extent  that  these 
resources  represent  a commitment  to  increased  power  generating  capacity  to 
meet  regional  or  national  needs,  their  consumption  would  be  necessary 
regardless  of  the  technology  utilized  in  the  generating  process. 
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CHAPTER  IV 


ALTERNATIVES  TO  THE  PROPOSED  ACTIONS 


A.  INTRODUCTION 

The  proposed  actions  are:  (1)  the  promulgation  of  leasing,  operating, 

and  unit  plan  regulations  pursuant  to  which  the  geothermal  leasing  pro- 
gram would  be  administered,  and  (2)  the  leasing  of  federally  owned  geo- 
thermal resources  in  three  specific  areas  in  California:  (a)  Clear  Lake 
Geysers,  (b)  Mono  Lake-Long  Valley,  and  (c)  Imperial  Valley. 

The  proposed  geothermal  leasing  regulations  and  program  provide  for 
private  sector  exploration,  development,  and  production  of  Federal  land 
geothermal  resources.  The  Federal  role  primarily  involves  the  adminis- 
tration of  exploration,  leasing,  development,  and  production  activities 
consistent  with  the  Department  of  the  Interior's  mineral  management 
objectives  of:  orderly  and  timely  resource  development,  protection  of 

the  environment,  and  receipt  of  fair  market  value  for  leased  mineral 
resources.  Under  Secretarial  Order  No.  2948,  dated  October  6,  1972, 
these  objectives  are  set  forth  as  follows: 

"1(a)  Orderly  and  Timely  Resource  Development  includes  the 
Department's  responsibilities  to: 

"(1)  Foster,  promote,  and  encourage  the  exploration  for 
and  the  production  of  the  mineral  deposits  from  the  leasable  lands; 
promote  competition; 

"(2)  Encourage  the  active  development  of  the  mineral 
deposits  in  the  leasable  lands  in  a manner  compatible  with  the  use  of 
the  same  lands  for  other  purposes;  assure  that  mineral  developers 
receive  the  acreage  necessary  for  economic  plant  investment,  development, 
and  production; 

"(3)  Encourage  the  maximum  ultimate  recovery  of  the  mineral 
deposit;  prevent  waste;  promote  the  conservation  of  the  mineral  resources 

"(4)  Assure  adequate  minimum  production  and  diligent 
development  requirements  for  mineral  deposits. 

"(b)  Protection  of  the  Environment  includes  the  Department's 
responsibilities  to: 

"(1)  Assure  that  mineral  exploration  and  production  be 
conducted  with  the  maximum  protection  of  the  environment; 

"(2)  Assure  the  rehabilitation  of  disturbed  lands; 

"(3)  Assure  that  precautions  are  taken  to  protect  public 
health  and  safety;  and 
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"(4)  Assure  full  compliance  with  the  spirit  and  objectives 
of  the  National  Environmental  Policy  Act  of  1969,  other  Federal  environ- 
mental legislation,  and  supporting  Executive  Orders  and  regulations. 

"(c)  Receipt  of  Fair  Market  Value  for  Leased  Mineral  Resources 
includes  the  Department's  responsibilities  to  assure  the  public  a fair 
market  value  return  for  the  use  of  public  lands  and  the  disposition  of 
its  mineral  resources." 

The  primary  use  of  geothermal  resources  to  date  is  for  the  generation  of 
electricity.  Under  existing  technology,  geothermal  steam  is  expanded 
into  a low-pressure  turbine  which  drives  a conventional  electric  generator. 
In  some  areas  the  geothermal  reservoir  produces  natural  dry  steam  that  can 
be  brought  to  the  surface  and  introduced  directly  into  the  turbine.  In 
other  areas  geothermal  fluids,  under  pressure  and  heated  beyond  the  boil- 
ing point,  are  brought  to  the  surface.  A portion  of  this  fluid  flashes 
into  steam  which  is  used  to  drive  the  generator  turbine.  Such  geothermal 
fluids  could  be  kept  under  pressure  and  passed  in  liquid  form  through  a 
heat  exchanger  to  heat  a secondary  lower  boiling  point  fluid  to  produce 
a vapor  for  use  in  driving  the  generator  turbine.  Considerable  interest 
has  been  shown  in  the  possibility  of  introducing  water  or  other  fluids 
into  hot  subsurface  strata  which  otherwise  would  not  naturally  produce 
steam  of  high  temperature  fluids.  The  heated  product  then  could  be  used 
in  the  same  manner  as  natural  steam  or  high  temperature  fluids. 

The  technology  for  utilizing  hot  dry  steam  for  the  generation  of  electric 
power  is  well  developed  and  in  operation.  The  flashing  of  very  hot  water 
into  steam  at  the  surface  also  is  being  used,  but  only  a portion  of  the 
heat  value  of  the  fluid  is  utilized.  Technology  for  passing  hot  water 
through  a heat  exchanger  has  been  developed  and  utilized  on  a semi-commer- 
cial scale  and  larger  systems  are  being  planned.  Little  is  known  as  to 
the  feasibility  of  introducing  fluids  into  heated  subsurface  formations 
for  the  production  of  steam  of  high  temperature  fluids. 

Geothermal  resources  also  can  be  used  directly  in  lieu  of  electrical  or 
other  energy  sources  in  the  heating  and  air  conditioning  of  buildings,  in 
the  heating  of  hot  houses  and  soil  for  agricultural  purposes,  and  in 
product  processing.  Geothermal  resources  also  have  potential  use  in 
refrigeration  and  freeze  drying.  Some  geothermal  fluids  contain  poten- 
tially valuable  mineral  by-products.  Production  of  fresh  water  by  desal- 
ination of  geothermal  fluids  also  may  be  possible. 

Geothermal  resources  are  a heat  energy  source  similar  in  end  use  to  fossil 
fuels.  However,  there  is  a major  difference  in  that  fossil  fuels  must  be 
burned  or  processed  in  some  way  to  convert  their  energy  potential  to  heat. 
By  contrast,  the  geothermal  resource  energy  is  in  usable  form  at  the  site 
of  production. 

Alternatives  to  geothermal  development  primarily  involve  processes  which 
would  produce  an  equivalent  amount  of  electrical  power.  Mineral  and 
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water  production  probably  would  be  by-products  of  electric  power 
development.  In  evaluating  alternatives,  the  entire  fuel  cycle  must  be 
considered.  This  includes  the  impacts  of  mining,  processing,  transpor- 
tation, power  production,  and  the  disposal  of  wastes.  A significant 
factor  relative  to  geothermal  resources  is  that  environmental  impacts 
generally  are  restricted  to  the  production  site  whereas  much  of  the 
environmental  impact  of  other  methods  of  power  generation  takes  place  at 
several  locations  often  far  removed  from  the  actual  point  of  power  gen- 
eration (mining  and  processing  of  coal  and  uranium,  oil  and  gas  production, 
imports  from  foreign  countries,  waste  disposal  sites,  etc.).  Support 
operations  such  as  these  are  not  required  for  geothermal  production.  For 
this  reason,  the  environmental  effects  are  site  dependent  in  origin  and 
thereby  are  subject  to  specific  environmental  control  actions  and  monitor- 
ing to  assure  environmental  acceptability.  However,  certain  undesirable 
effects  such  as  subsidence,  increased  seismic  activity,  odors,  etc.  can 
impose  environmental  problems  in  areas  proximate  to  the  production  site. 

The  overall  environmental  effects  of  geothermal  resource  utilization 
appear  to  be  potentially  less  adverse  than  those  associated  with  com- 
parable operations  utilizing  fossil  or  nuclear  energy  sources.  However, 
site  sensitive  environmental  evaluations  will  have  to  be  made  to  identify 
those  situations  in  which  geothermal  resource  development  might  result 
in  unacceptable  environmental  impacts  or  where  alternate  sources  of  an 
equivalent  amount  of  energy  would  be  economically  and  environmentally 
more  advantageous. 

B.  DISCUSSION  OF  ALTERNATIVES 

The  development  of  federally  owned  geothermal  resources  could  be  accom- 
plished using  various  exploration,  timing,  regulatory  and  leasing  pro- 
cedures which  could  have  different  degrees  of  environmental  impacts. 

Since  the  primary  use  of  geothermal  resources  probably  will  be  for 
electric  power  generation  and  heating,  alternative  energy  sources  must 
be  considered  in  terms  of  their  comparable  use  and  relative  environmental 
impacts.  Major  alternatives  to  the  proposed  actions  are  discussed  in  the 
following  sections.  Specific  alternatives  relative  to  the  three  areas 
proposed  for  leasing  are  included  in  the  individual  area  statements  in 
Volume  II  of  this  statement. 

The  following  alternatives  are  discussed  in  this  chapter: 

1*  Promulgation  of  leasing  and  operating  regulations 

a.  Alternative  timing  of  actions 

b.  Alternative  regulation  environmental  provisions 
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2.  Alternatives  for  leasing  of  geothermal  resources 

a.  Open  all  but  the  excepted  federally  owned  resources  to 
leasing 

b.  Lease  only  those  lands  classfied  as  KGRAs  and  PGRAs 

c.  Lease  only  those  lands  classified  as  KGRAs 

d.  Lease  only  in  connection  with  adjacent  private  land 
development 

e.  Lease  areas  of  greatest  potential  relative  to  electrical 
energy  needs 

f.  Prototype  leasing 

g.  Lease  only  to  honor  "Grandfather"  rights 

h.  Prospecting  permit  leasing  program 

i.  Preleasing  nomination  system 

j.  Maximize  competitive  leasing  for  nonclassified  land 

k.  Noncompetitive  leasing  for  all  areas  outside  of  KGRAs  and 
PGRAs 

3.  Alternatives  for  exploration  and  development 

a.  Federal  exploration  and  development 

b.  Joint  or  coordinated  Federal  and  private  sector  exploration 
and  development 

4.  Alternative  sources  of  electrical  energy 

a.  Coal 

b.  Oil 

c.  Oil  shale  and  tar  sands 

d.  Natural  gas 

e.  Nuclear  energy 

f.  Hydroelectric  energy 

g.  Other  energy  sources 

h.  Conservation  of  energy 

1.  Promulgation  of  Leasing  and  Operating  Regulations 

The  Geothermal  Steam  Act  authorizes  the  Secretary  of  the  Interior  to 
make  disposition  of  geothermal  steam  and  associated  geothermal  resources. 
Section  15  of  the  Act  provides  that  leases  may  be  issued  only  under  such 
terms  and  conditions  as  the  Secretary  may  prescribe  to  ensure  adequate 
utilization  of  the  lands  for  the  purposes  for  which  they  were  withdrawn 
or  acquired.  Accordingly,  regulations  such  as  those  proposed  must  be 
issued  if  Federal  resources  are  to  be  leased.  However,  the  timing  of 
issuance  and  the  regulatory  approaches  could  be  treated  in  alternative 
manners. 
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a.  Alternative  timing  of  actions 


(1)  Do  not  Initiate  a program  for  the  development  of  federally  owned 
geothermal  resources 

As  indicated  in  Chapter  II,  Section  B,  projected  development  of  geo- 
thermal power  on  both  public  and  privately  owned  lands  may  represent 
nearly  2 percent  of  total  U.S.  energy  consumption  by  the  year  2000. 

Since  most  of  the  potential  geothermal  production  areas  are  in  the  public 
lands  of  the  11  western  States  and  Alaska,  most  of  this  potential  devel- 
opment is  contingent  upon  the  leasing  of  federally  owned  geothermal 
resources.  Geothermal  development  in  other  countries  and  on  the  private 
lands  of  the  U.S.  could  be  expected  to  continue.  These  programs  could  be 
monitored  for  significant  discoveries  and  technological  developments  as 
a basis  for  future  reconsideration  of  the  need  for  the  development  of 
federally  owned  resources. 

The  Administration's  program,  as  emphasized  in  the  President's  Energy 
Message  of  June  4,  1971,  is  intended  to  provide  for  the  utilization  of 
geothermal  resources  under  environmentally  safe  conditions  and  sound 
resource  management  practices.  The  President,  in  his  Energy  Message  of 
April  18,  1973,  again  outlined  the  potential  for  geothermal  energy.  It 
is  expected  that  the  leasing  of  geothermal  resources  on  public  lands 
will  stimulate  development  of  this  energy  source.  The  decision  to  pro- 
ceed with  a leasing  program  would  be  contingent  upon  leases  incorporat- 
ing environmentally  safe  operating  and  development  practices  which 
assure  that  development  and  production  will  be  accomplished  in  an 
environmentally  acceptable  manner.  Such  practices  and  their  anticipated 
environmental  consequences  are  set  forth  in  detail  in  this  statement. 

A decision  not  to  lease  federally  owned  geothermal  resources  would  result 
in  nondevelopment  of  this  energy  potential  at  a time  when  the  Nation  is 
facing  a vitally  important  energy  challenge.  There  is  a rapidly  growing 
gap  between  the  demand  for  energy  and  the  capacity  and  the  resources  to 
meet  future  needs.  Development  of  geothermal  resource  potentials  could 
help  to  meet  part  of  this  need,  particularly  for  local  areas  which,  in 
turn,  could  contribute  to  the  solving  of  regional  or  national  problems. 

If  geothermal  resources  are  not  developed,  the  environmental  disturbances 
as  set  forth  in  this  impact  statement  would  not  occur.  However,  as  indi- 
cated in  the  discussion  of  electrical  energy  alternatives,  the  development 
of  an  equivalent  amount  of  energy  from  alternative  sources  could  have 
greater  adverse  impacts  than  are  expected  to  result  from  development  of 
federally  owned  geothermal  resources. 

(2)  Delay  implementation  of  a leasing  program  pending  additional 
environmental  evaluation 


The  potential  environmental  impacts  associated  with  exploration,  test 
drilling,  production  testing,  field  development,  power  plant  and  powerline 
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construction  and  full-scale  operations,  and  area  restoration  after  ' 

production  ends  are  discussed  in  detail  in  Chapter  III,  Section  B of 
this  Volume.  Part  C of  that  chapter  presents  the  mitigating  measures 
to  be  taken  to  assure  that  geothermal  development  is  accomplished  in  an 
environmentally  safe  manner  and  outlines  the  areas  in  which  major  envir- 
onmental problems  exist.  Potential  impacts  and  mitigating  measures  are 
further  discussed  as  they  pertain  to  the  three  areas  proposed  for  leasing 
in  the  environmental  evaluations  included  in  Volume  II  of  this  impact 
statement . 

Delaying  the  implementation  of  a leasing  program  could  allow  time  for 
further  environmental  evaluation.  Such  evaluation  might  not  be  of  much 
value  until  potential  development  areas  and  individual  lease  sites  have 
been  better  defined,  delineated,  and  tested  as  many  of  the  impacts  are 
highly  site-sensitive.  However,  as  a result  of  geothermal  development 
on  private  lands,  new  technologies  and  systems  may  be  developed  to  com- 
ply with  State  and  local  government  environmental  requirements.  Experi- 
ence gained  from  such  operations  could  be  used  to  improve  the  environ- 
mental evaluations  for  potential  Federal  land  leases. 

A delay  of  several  years  probably  would  not  have  a significant  impact  on 
the  national  or  regional  energy  situation  but  it  could  have  local  impacts, 
particularly  where  power  must  be  imported  from  other  areas.  If  geothermal 
development  for  public  and  private  lands  should  be  in  the  projected  range 
of  4,000  to  19,000  Mw  by  1985  (as  indicated  in  Chapter  II,  Section  B), 
from  two  to  ten  steam  fossil  fuel  or  nuclear  generation  plants  could  meet 
this  need.  Since  individual  geothermal  installations  will  be  small  (per- 
haps up  to  100  Mw) , fossil  fuel  or  nuclear  plants  still  probably  would  be 
built  but  perhaps  at  a slower  rate  due  to  local  needs  being  met,  to  some 
extent,  from  geothermal  sources.  Environmental  impacts  will  result  from 
either  power  source  so  the  comparison  primarily  involves  timing  and  the 
total  systems  associated  with  producing  equivalent  amounts  of  electrical 
energy . 

Delaying  Federal  leasing  could  result  in  discouraging  private  investment 
in  private  land  development  and  in  research.  If  this  should  happen,  the 
potential  advantage  of  learning  from  such  experience  would  be  lost  and 
the  solving  of  potential  environmental  problems  would  be  delayed  or 
would  not  occur. 

Private  land  geothermal  development  may  take  place  on  lands  that  are 
comparable  or  different  from  Federal  lands  in  terms  of  surface  resource 
and  environmental  values.  However,  problems  such  as  compliance  with 
water  and  air  quality  standards  generally  will  be  comparable.  Since 
the  proposed  regulations  require  appropriate  compliance  with  such 
standards,  little  environmental  value  probably  would  be  derived  from 
the  delay  of  a leasing  program.  Some  private  land  operations  may  pro- 
gress to  the  point  of  full  compliance  capability  before  Federal  areas 
are  brought  into  production,  and  such  systems  could  be  used  for  produc- 
tion on  Federal  leases.,  However,  there  may  be  problems  associated  with 
the  steam  or  geothermal  fluids  from  individual  reservoirs  which  can  be 
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treated  only  on  a site-by-site  basis.  Such  problems  would  have  to  be 
solved  at  the  time  of  development  before  operations  would  be  permitted. 
Generally,  the  delay  of  a leasing  program  would  have  little  environ- 
mental advantage  for  such  problems  cannot  be  evaluated  in  advance  of 
test  drilling  and  testing  of  geothermal  steam  or  fluids  at  each  site. 

While  there  is  still  much  to  be  learned  about  other  potential  environ- 
mental impacts,  particularly  surface  values,  the  impacts  associated  with 
exploration,  testing,  road  construction,  etc.  are  not  new.  Similar 
activities  occur  in  connection  with  oil  and  gas,  coal,  mineral  mining, 
timber  harvest,  etc.  The  land  management  agencies  know  how  to  evaluate 
such  impacts  and  have  considerable  experience  in  taking  the  necessary 
mitigating  and  corrective  measures.  Generally,  most  of  the  same  types 
of  environmental  protection  actions  would  be  applicable  to  exploration, 
development,  and  construction  associated  with  geothermal  development. 

Geothermal  development  probably  will  begin  relatively  slowly.  Initial 
developments  probably  will  be  in  the  areas  of  greatest  economic  produc- 
tion potential  which  are  in  proximity  to  areas  where  the  power  can  be 
utilized  with  a minimum  of  additional  transmission  facilities.  The 
experience  gained  from  actual  operations  should  provide  greater  environ- 
mental benefits  in  terms  of  future  environmental  evaluations  than  would 
derive  from  delaying  leasing  pending  further  environmental  study,  much 
of  which  would  be  contingent  upon  actual  operation  within  the  various 
environmental  settings  involved.  The  proposed  regulations  provide  for 
further  environmental  evaluations  as  development  progresses  to  ascertain 
what  additional  actions  are  required  to  assure  that  production  can  be 
accomplished  in  an  environmentally  acceptable  manner. 

(3)  Delay  implementation  of  leasing  program  until  development  of  new  or 
improved  technologies  for  the  use  of  geothermal  resources 

The  utilization  of  geothermal  resources  is  relatively  new  in  the  United 
States.  More  needs  to  be  known  about  the  nature  of  geothermal  reservoirs 
and  how  to  develop  and  utilize  their  resource  potential  in  the  most  effec- 
tive manner.  The  amount,  intensity,  and  timing  of  research  and  tech- 
nology development  will  have  an  important  bearing  on  the  overall  rate  of 
development  of  geothermal  resources.  In  some  instances,  assessment  of 
technologic  and  economic  feasibility  may  have  to  await  new  systems  for 
development,  testing,  and  production. 

The  various  geothermal  systems  are  described  in  Chapter  II,  Section  B. 
These  include: 

Vapor  dominated  systems  (such  as  The  Geysers) 

Hot  water  systems 
Geopressure  reservoir  systems 
Hot  dry  roqk  systems 
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The  only  presently  producing  system  in  the  United  States  is  the  vapor 
dominated  system  at  The  Geysers  in  California.  Vapor  systems  are  thought 
to  be  relatively  rare  so  they  are  not  expected  to  represent  a major  por- 
tion of  the  geothermal  energy  potential.  Hot  water  systems  are  being 
utilized  in  New  Zealand,  Japan,  and  Mexico.  The  technology  for  energy 
production  from  steam  and  hot  water  systems  has  been  proven.  There  could 
be  technologic  and  environmental  problems  associated  with  the  development 
of  other  geothermal  systems  before  efficient  and  economic  utilization  may 
be  possible.  Some  of  these  problems  relate  to  entire  systems  while  others 
will  be  peculiar  to  individual  sites. 

Technological  and  resource  information  considerations  also  were  dis- 
cussed in  Chapter  II,  Section  B.  Specific  examples  of  resource  investi- 
gation and  technologic  research  that  could  result  in  new  or  improved 
systems  for  location,  exploration,  development,  and  production  systems 
and  related  environmental  protection  factors  include: 

(a)  Geologic  investigations 

Develop  new  equipment,  systems,  and  techniques  for  identifying,  deline- 
ating, and  evaluating  geothermal  areas. 

Establish  more  adequate  and  reliable  knowledge  of  the  physical  char- 
acteristics, nature,  and  dynamics  of  potential  geothermal  systems  as  a 
basis  for  development  and  utilization  in  an  efficient  and  environmentally 
safe  manner. 

Determine  more  precisely  the  potential  environmental  effects  of  geo- 
thermal production  as  they  relate  to  fault  zones,  earthquakes,  Subsidence, 
ground  water,  and  other  subsurface  factors. 

(b)  Environmental  monitoring 

Knowledge  is  limited  relative  to  the  potential  environmental  impacts  and 
effective  mitigating  measures  associated  with  fluid  and  heat  removal  from 
the  ground.  Improved  monitoring  systems  could  be  developed  which  might 
assure  earlier  detection  of  potential  adverse  impacts  to  facilitate  the 
taking  of  necessary  corrective  measures  to  minimize  adverse  impacts.  This 
could  include  factors  such  as:  induced  tectonic  changes,  contamination 

of  ground  and  surface  waters  by  mineralized  effluents,  and  the  effects  of 
brine  reinjection  on  regional  groundwater  systems. 

Development  of  monitoring  systems  and  capabilities  could  precede  geo- 
thermal development  but  their  testing  and  utilization  probably  would  have 
to  be  done  as  a part  of  actual  operations  under  a wide  variety  of  condi- 
tions that  may  exist  relative  to  different  geologic  situations  and  indi- 
vidual development  areas . 

(c)  Engineering  research 

New  and  improved  technologies  may  be  needed  for  extraction  and  utilization 
of  geothermal  resources  from  the  various  geothermal  systems  and  for 
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individual  reservoirs  within  each  type  of  system.  There  may  be 
considerable  potential  for  improving  the  use  efficiency  of  geothermal 
heat.  There  also  are  potentials  for  the  production  of  fresh  water  and 
minerals.  Examples  of  engineering  research  areas  include: 

— Basically,  the  techniques  used  for  geothermal  resource  development 
and  extraction  are  modified  versions  of  oil  field  technologies.  While 
such  systems  may  work  for  vapor  dominated  and  hot  water  systems,  there 
could  be  considerable  opportunity  for  significant  improvements  in  drill- 
ing techniques,  reservoir  development,  recovery  systems,  and  for  environ- 
mental factors  such  as  blowout  prevention  and  control,  fluid  reinjection 
systems  and  procedures,  monitoring,  etc. 

— Present  geothermal  electrical  energy  conversion  systems  use  dry 
steam  or  that  portion  of  the  geothermal  fluids  that  flash  to  steam. 

Much  of  the  heat,  particularly  in  hot  fluids,  is  not  utilized.  Increased 
thermal  conversion  or  utilization  efficiencies  would  improve  resource 
conservation  and  increase  the  usable  energy  obtained  from  the  same  amount 
of  withdrawn  geothermal  steam  or  liquids  with  little  or  no  increase  in 
environmental  impacts.  It  would  reduce  the  need  to  obtain  an  equivalent 
amount  of  energy  from  other  sources  with  a corresponding  decrease  in  the 
environmental  impacts  associated  with  such  an  energy  source. 

— The  minimum  water  temperature  which  now  can  be  used  for  power  gen- 
eration by  steam  turbines  is  about  180°  C.  The  potential  for  use  of 
geothermal  resources  could  be  greatly  increased  if  economically  feasible 
systems  could  be  developed  to  use  lower  temperature  resources.  An  example 
of  such  a system  could  be  a low  boiling  point  fluid  such  as  freon  in  a 
closed  circuit  heated  by  geothermal  fluids  in  heat  exchangers.  Such 
closed  circuit  systems  could  eliminate,  or  greatly  reduce,  many  of  the 
environmental  problems  that  may  be  associated  with  open  systems.  However, 
they  could  pose  cooling  problems  involving  potential  thermal  pollution. 

— Many  geothermal  areas  with  high  thermal  gradients  may  have  little  or 
no  mobile  fluids.  Systems  might  be  developed  that  would  utilize  this  heat 
source.  Such  systems  might  include  water  injection  and  withdrawal  with 
use  comparable  to  hot  water  systems  or  closed  low  boiling  point  fluid 
systems . 

— There  may  be  potential  for  resource,  environmental,  and  economic 
advantages  to  the  salvage  of  minerals  and  gases  from  geothermal  fluids. 
Such  by-products  could  serve  to  meet  a portion  of  the  demand  for  such 
minerals,  thereby  avoiding  the  need  for  development  of  domestic  sources 
or  import  of  equivalent  amounts.  Since  the  fluids  and  gases  already  are 
being  handled  and  must  be  disposed  of,  salvage  could  enhance  economic 
development  potentials  and  fuller  utilization  of  resources  with  little  or 
no  additional  environmental  impact.  The  potential  adverse  impacts  associ- 
ated with  producing  such  minerals  from  other  sources  would  be  avoided. 
Geothermal  waste  disposal  problems  might  be  reduced  since  a portion  of  the 
wastes  would  be  eliminated  as  a result  of  mineral  salvage. 
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— Waste  disposal  methods  may  be  developed  which  could  minimize  potential 
adverse  hydrologic,  chemical,  or  other  impacts  and  to  mitigate  other 
potential  problems  such  as  subsidence  and  seismic  activity. 

— Desalination  of  geothermal  fluids  could  provide  a source  of  fresh 
water.  Since  these  fluids  already  are  at  high  temperature,  the  energy 
requirements  for  desalination  processes  would  be  greatly  reduced.  How- 
ever, that  portion  of  the  electrical  energy  production  used  for  desalina- 
tion processes  would  not  be  available  for  the  meeting  of  other  energy 
needs  of  the  area.  If  economic  dual  purpose  processes  could  be  developed, 
they  might  result  in  the  most  efficient  use  of  the  total  geothermal  resource, 
particularly  in  water-short  areas  such  as  the  Lower  Colorado  River  Basin. 

(d)  Industrial  uses 

Many  Industrial  processes  require  large  amounts  of  hot  water  and  heat. 

Such  heat  requirements  generally  are  met  through  the  use  of  fossil  fuels, 
either  directly  or  in  the  form  of  electrical  energy.  The  use  of  geo- 
thermal fluids  for  such  heat  could  substitute  for  fossil  fuel  sources  if 
efficient  utilization  systems  could  be  developed. 

(e)  Agricultural  uses 

Geothermal  fluids  might  be  used  for  increasing  agricultural  production 
in  colder  climates.  Iceland  grows  flowers  and  vegetables  in  glass  houses 
heated  by  natural  hot  water.  The  USSR  has  been  experimenting  with  soil 
heating  systems.  Research  would  be  required  to  determine  the  best  condi- 
tions for  use  of  various  temperature  geothermal  waters  and  the  types  of 
agricultural  production  possible. 

(f)  Space  heating 

In  Iceland,  about  40  percent  of  the  population  lives  in  homes  heated  by 
geothermal  energy.  This  use  is  estimated  to  preclude  the  need  to  import 
210,000  tons  of  fuel  oil  per  year  (Einarsson,  1970).  Similar  uses  occur 
in  Japan.  Water  temperatures  for  such  uses  range  from  40° C to  70°  C. 

In  the  United  States,  several  small  areas  use  geothermal  resource  for 
space  heating.  Klamath  Falls,  Oregon,  operates  about  400  wells  for  space 
heating  using  heat  exchange  systems.  Development  of  geothermal  resources, 
and  improved  heat  exchange  and  delivery  systems,  could  provide  a clean 
heat  source  for  homes  or  even  entire  communities.  This  might  eliminate 
the  need  for  other  heat  sources  whose  environmental  impacts  may  be 
greater  than  those  associated  with  the  use  of  geothermal  resources. 


Various  research  activities  such  as  these  could  be  accomplished  by  the 
Federal  Government,  the  private  sector,  or  by  various  mixes  of  Government/ 
private  effort,  Some  of  the  research  could  be  accomplished  before  the 
development  of  geothermal  resources  but  much  of  it  would  have  to  be  done 
in  connection  with  actual  development  and  production  operations, 
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particularly  where  there  are  significant  factors  related  to  individual 
sites.  These  could  be  either  experimental  pilot  plants  or  commercial 
operations.  Since  resource  development  and  utilization  on  both  private 
and  public  lands  will  be  by  the  private  sector,  related  research  must 
be  closely  associated  with  development  and  investment  plans.  Development 
probably  will  begin  slowly  on  those  sites  offering  the  best  economic 
potential  using  existing  technologies.  It  can  be  expected  that  new  tech- 
nologies will  be  developed  currently  as  needed  by  industry  to  solve  prob- 
lems on  a site-by-site  basis  to  provide  the  systems  required  for  geo- 
thermal production  from  each  site,  other  areas,  and  ultimately  from  other 
geothermal  systems. 

Since  much  of  the  geothermal  resource  potential  is  on  Federal  lands, 
delaying  the  leasing  of  such  lands  could  have  a corresponding  delaying 
effect  on  the  accomplishment  of  research  and  development  other  than  that 
which  would  be  done  in  connection  with  private  land  operations.  Since 
all  geothermal  operations  on  Federal  lands  must  be  conducted  in  an  envir- 
onmentally acceptable  manner,  there  could  be  a significant  stimulant  to 
research  since  potential  operators  know  they  will  have  to  develop  and 
operate  systems  that  will  meet  leasing  requirements.  The  experience 
gained  from  initial  leasing  could  provide  a better  basis  and  incentive 
for  such  research,  particularly  as  it  pertains  to  environmental  and  use 
efficiency  factors. 

Research  related  to  by-product  production  of  minerals  or  the  production 
of  fresh  water  may  be  of  nominal  interest  to  the  power  industry  at  this 
time.  However,  when  the  necessary  research  is  done,  new  technologies 
could  be  applied  if  such  production  was  economically  feasible.  In  most 
instances,  the  addition  of  by-product  processes  could  occur  after  power 
production  begins.  In  many  instances,  the  potential  could  not  be  devel- 
oped until  after  production  testing  of  wells  as  processes  would  have  to 
be  designed  for  individual  sites. 

It  is  highly  probable  that  the  most  effective  and  timely  research  could 
result  in  connection  with  actual  exploration,  development,  and  operations 
on  Federal  lands  because  of  the  broad  range  of  development  opportunities 
and  the  related  strict  environmental  requirements.  As  previously  indi- 
cated, delaying  the  leasing  program  pending  the  development  of  new  or 
improved  technologies  probably  would  result  in  a corresponding  delay  in 
the  development  of  geothermal  resource  potentials  with  environmental 
consequences  similar  to  those  described  for  other  actions  involving  post- 
ponement of  leasing. 

b.  Alternative  regulation  environmental  provisions 

In  the  formulation  of  the  environmental  provisions  of  the  proposed  regu- 
lations various  approaches  were  possible  such  as: 

(1)  Include  explicit  environmental  standards,  provisions,  and 
requirements  for  each  section  or  subsection  having  significant  environ- 
mental considerations. 
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(2)  Confine  regulations  to  general  leasing  provisions  with  all  major 
environmental  stipulations  and  conditions  being  provided  for  in  geo- 
thermal leases,  permits,  and  related  Geothermal  Resource  Operating  Orders. 

(3)  Include  explicit  environmental  policies  and  concepts  with  manda- 
tory compliance  with  Federal  and  State  environmental  protection  standards 
subject  to  more  stringent  standards  as  appropriate  on  an  individual  lease 
site-sensitive  basis  through  lease  stipulations,  Geothermal  Operating 
Orders,  or  whatever  orders  as  are  appropriate  to  assure  adequate  environ- 
mental protection. 

There  will  be  great  variation  in  the  potential  environmental  impacts 
associated  with  the  development  of  geothermal  resources  under  the  wide 
range  of  resource  systems  and  environmental  settings  involved.  Develop- 
ment activities  are  described  in  Chapter  II,  Section  C.  General  descrip- 
tions of  the  wide  range  of  environmental  settings  are  presented  in 
Chapter  II,  Section  D,  and  differences  are  clearly  evident  in  the  envir- 
onmental evaluations  for  the  three  proposed  lease  areas  as  described  in 
Volume  II  of  this  impact  statement.  The  nature  of  potential  environmental 
impacts  is  discussed  in  detail  in  Chapter  III,  Section  B,  and  in  each  of 
the  three  proposed  lease  area  statements.  Mitigating  measures  are  covered 
in  Chapter  III,  Section  C,  and  in  the  three  area  statements. 

(1)  Explicit  environmental  standards,  provisions,  and  requirements 

Each  geothermal  system,  each  reservoir  within  such  systems,  and  each 
individual  development  area  may  present  both  similar  and  entirely  dif- 
ferent environmental  hazards  and  problems.  Each  State  and  local  govern- 
ment area  may  have  wide  variations  in  water,  air,  and  other  environmental 
standards,  regulations,  and  requirements.  What  may  be  environmentally 
acceptable  under  one  situation  might  be  unacceptable  elsewhere.  Envir- 
onmental requirements  and  technologies  for  meeting. or  even  exceeding 
minimum  requirements  are  expected  to  change.  Geothermal  knowledge  now 
is  limited  since  there  is  only  one  operational  system  in  the  United 
States  and  it  utilizes  a vapor  dominated  steam  resource.  As  other  areas 
and  geothermal  systems  are  explored  and  developed,  there  will  be  a rapid 
increase  in  knowledge  and  experience.  There  also  should  be  great  prog- 
ress in  the  development  of  systems  that  can  provide  for  geothermal 
resource  utilization  in  an  environmentally  safe  manner. 

Such  factors  are  not  conducive  to  development  of  explicit  environmental 
standards,  provisions,  or  requirements  in  general  leasing  and  operating 
regulations.  Each  area  and  lease  site  must  be  individually  evaluated 
and  appropriate  specific  provisions  must  be  included  in  each  lease  and 
related  permits,  Geothermal  Resource  Operating  Orders  or  other  orders. 

In  many  situations,  general  orders  would  be  too  lenient  or  would  not 
provide  for  many  local  environmental  factors.  There  could  be  conflicts, 
voids,  misunderstandings,  or  other  problems  where  there  were  differences 
between  environmental  provisions  of  the  regulations  and  environmental 
provisions  associated  with  individual  leases. 
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(2)  Confine  regulations  to  general  leasing  provisions 


Leasing  regulations  could  be  limited  to  procedural,  definitional,  and 
legal  factors  such  as  the  delineation  of  available  lands,  qualification 
for  lessees,  leasing  terms,  etc.  without  the  inclusion  of  general  or 
specific  environmental  protection  requirements.  Operations  still  would 
be  subject  to  applicable  Federal  and  State  laws  for  water  and  air  qual- 
ity or  other  environmental  factors.  Environmental  protection  stipula- 
tions and  requirements  would  be  included  in  individual  leases,  permits, 
and  operating  orders  by  the  officials  responsible  for  their  development, 
approval,  and  administration.  Such  controls  could  be  based  upon  separ- 
ate guidance,  instructions,  or  administrative  orders  issued  by  the 
Secretary  and/or  the  responsible  agency  head. 

Under  this  alternative  environmental  protection  requirements  could  be 
greater  than,  less  than,  or  equal  to  the  provisions  as  included  in  the 
proposed  regulations.  The  Secretary  could  require  the  same  degree  of 
compliance  as  will  result  under  these  regulations.  However,  there  are 
those  who  would  feel  that  failure  to  include  adequate  environmental 
protection  stipulations  in  the  regulations  would  indicate  less  of  a 
commitment  to  assuring  that  all  geothermal  development  will  be  accom- 
plished in  an  environmentally  acceptable  manner  in  all  phases  of  geo- 
thermal development  from  prelease  considerations  through  all  operational 
stages  to  final  removal  of  facilities  and  restoration  of  disturbed  areas. 

There  could  be  wider  variation  in  the  interpretation  of  departmental 
policies  and  in  the  formulation  and  implementation  of  environmental 
protection  stipulations,  actions,  and  controls.  While  it  probably  would 
be  possible  to  achieve  environmentally  acceptable  operations,  there 
could  be  greater  possibility  of  oversights,  challenges,  misunderstandings, 
environmental  compromises,  etc.  than  would  result  from  regulations  which 
clearly  spell  out  the  environmental  commitments,  policies  and  concepts, 
and  operational  procedures  subject  to  appropriate  State,  local,  and 
individual  site  considerations  or  requirements.  There  could  be  greater 
opportunity  for  adverse  environmental  impacts  under  this  alternative 
even  though  operations  still  were  conducted  in  a generally  acceptable 
manner. 

(3)  Include  explicit  environmental  policies  and  concepts  with  mandatory 
compliance  with  Federal  and  State  environmental  protection  standards 

The  proposed  regulations  utilize  this  approach,  which  is  repeated  here 
to  facilitate  comparison.  This  begins  with  the  preleasing  procedures 
set  forth  in  Section  3200.0-6  which  provides  for  reports  describing, 
to  the  extent  known,  resources  contained  within  the  general  area  and 
the  potential  effect  of  geothermal  resources  operation  upon  the 
resources  of  the  area  and  its  total  environment.  Prior  to  final 
selection  of  tracts  for  leasing,  there  could  be  a full  evaluation  of  the 
potential  effect  of  the  leasing  program  on  the  total  environment,  fish 
and  other  aquatic  resources,  wildlife  habitat  and  populations,  aesthetics, 
recreation,  and  other  resources  in  the  entire  area  during  exploratory, 
developmental,  and  operational  phases.  Section  3204.1  provides  that  a 
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lessee  should  comply  with  and  would  be  bound  by  the  general  terms  and 
conditions,  the  specific  requirements  contained  in  the  lease  stipula- 
tions, and  any  GRO  orders  issued  pursuant  to  30  CFR  270.11.  Specific 
environmental  protection  measures  are  set  forth  in  Section  3204.1  and 
compliance  with  Federal  and  State  environmental  protection  regulations 
would  be  required.  More  stringent  requirements  would  be  imposed  as 
necessary  to  assure  that  all  geothermal  operations  would  be  conducted 
in  an  environmentally  acceptable  manner. 

Under  the  operating  regulations,  the  Supervisor  would  ensure  that  all 
operations  within  the  area  conform  to  the  best  practice  and  are  con- 
ducted in  such  manner  as  to  protect  the  deposits  of  the  leased  lands 
and  to  result  in  the  maximum  ultimate  recovery  of  geothermal  resources, 
with  minimum  waste,  and  are  consistent  with  the  principles  of  the  use  of 
the  land  for  other  purposes  and  of  the  protection  of  the  environment. 

He  would  have  full  authority  to  take  whatever  actions  as  are  necessary 
to  regulate  geothermal  operations  to  accomplish  such  purposes.  Such 
authorities  and  responsibilities  are  spelled  out  in  detail  in  Part  270 
of  the  proposed  regulations. 

Lease  provisions,  operating  orders,  and  other  orders  as  necessary  would 
be  formulated  and  issued  within  the  environmental  policies,  concepts, 
procedures,  responsibilities,  and  authorities  set  forth  in  the  proposed 
regulations.  Each  geothermal  lease  area  may  have  peculiar  reservoir, 
surface,  or  other  factors  which  would  be  individually  considered  to 
arrive  at  the  appropriate  development  and  production.  The  regulations 
as  proposed  provide  policies  and  authorities  to  assure  that  geothermal 
resources  on  Federal  lands  would  be  developed  to  serve  the  public  interest, 
including  appropriate  protection  of  environmental  values.  They  are 
stringent  enough  to  require  protective  actions  and  still  afford  the  nec- 
essary flexibilities  required  to  cope  with  specific  environmental  problems 
associated  with  any  lease  and  its  related  operations. 
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2.  Alternatives  for  Leasing  of  Geothermal  Resources 


Section  3 of  the  Geothermal  Steam  Act  authorizes  the  Secretary  of  the 
Interior  to  issue  leases  for  the  development  and  utilization  of  geo- 
thermal steam  and  associated  resources  (1)  in  lands  administered  by  him, 
including  public,  withdrawn,  and  acquired  lands,  (2)  in  any  national 
forest  or  other  lands  administered  by  the  Department  of  Agriculture 
through  the  Forest  Service,  including  public,  withdrawn,  and  acquired 
lands,  and  (3)  in  lands  which  have  been  conveyed  by  the  United  States 
subject  to  a reservation  to  the  United  States  of  the  geothermal  steam 
and  associated  geothermal  resources  therein. 

Section  15(c)  of  the  Act  and  Section  3201.1-6  of  the  proposed  regula- 
tions provide  that  leases  shall  not  be  issued  for  lands  which  are 
(1)  administered  under  the  National  Park  System,  (2)  within  a national 
recreation  area,  (c)  in  a fish  hatchery  administered  by  the  Secretary, 
wildlife  refuge,  wildlife  range,  game  range,  wildlife  management  area 
or  waterfowl  production  area,  or  for  lands  acquired  or  reserved  for  the 
protection  and  conservation  of  fish  and  wildlife  which  are  threatened 
with  extinction,  or  (4)  tribally  or  individually  owned  Indian,  Indian 
trust  or  restricted  lands  within  or  without  the  boundaries  of  Indian 
reservations . 

Sections  17  and  24  provide  that  the  Act  shall  be  administered  under 
the  principles  of  multiple  use  of  lands  and  resources  and  under  regula- 
tions that  provide  for,  among  others,  prevention  of  waste,  development 
and  conservation  of  the  resources,  protection  of  the  public  interest, 
maintenance  by  the  lessee  of  an  active  development  program,  and  protec- 
tion of  water  and  other  environmental  qualities. 

Under  the  proposed  geothermal  leasing  regulations,  all  federally  owned 
lands,  except  those  specifically  excluded  by  the  Geothermal  Steam  Act, 
departmental  regulations,  or  other  forms  of  withdrawal,  would  be  avail- 
able for  leasing.  This  could  involve  as  much  as  550  million  acres  of 
federally  owned  lands  (see  Figure  II-16a).  However,  a major  portion  of 
these  lands  does  not  appear  to  have  geothermal  potential. 

The  responsibility  to  classify  lands  as  known  valuable  or  valuable 
prospectively  for  geothermal  steam  and  associated  geothermal  resources 
lies  within  the  Geological  Survey  (GS) . The  GS  has  classified  areas  of 
the  U.S.  in  three  categories:  known  geothermal  resource  areas  (KGRAs), 

prospective  valuable  geothermal  resource  areas  (PGRAs),  and  unclassified 
lands . 

KGRAs  comprise  I 8 million  acres  of  both  private  and  Federal  lands,  of 
which  approximately  1 million  acres  are  federally  owned.  (Standards 
for  such  classification  are  found  in  G.S.  Circular  647.)  The  Geothermal 
Steam  Act  requires  that  resources  within  KGRAs  must  be  leased  competitively. 
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PGRA  lands  comprise  an  estimated  95  million  acres  of  which  an  estimated 
54  million  acres  are  Federal  lands.  PGRAs  are  areas  within  a geothermal 
resources  province  which  contain  an  inferred  geothermal  reservoir  but 
which  havenot  been  determined  to  be  a known  geothermal  resources  area. 

A PGRA  is  a specific  and  definable  area  which  exhibits  geologic  structure 
and  history  indicating  the  possibility  of  a high  geothermal  gradient.  In 
most  prospective  areas,  data  on  geothermal  gradients  and  conductive  heat 
flow  are  scarce.  Adequate  temperature-depth  data  exist  only  in  sediment- 
ary basins  that  have  been  extensively  explored  for  oil  and  gas.  Most  of 
these  basins  are  characterized  by  nearly  "normal"  geothermal  gradients 
rather  than  the  abnormally  high  rates  needed  for  development  of  geothermal 
energy  (see  G.S.  Circular  647). 

The  KGRAs  and  PGRAs  are  concentrated  in  California,  Oregon,  Washington, 
Idaho,  Nevada,  Montana,  Utah,  and  New  Mexico.  They  are  a combination  of 
public  lands  administered  primarily  by'  the  Bureau  of  Land  Management, 
national  forest  lands  administered  by  the  U.S.  Forest  Service,  private 
lands,  State  lands,  and  Indian  lands.  Some  two-thirds  of  the  PGRAs  are 
extensively  intermingled  with  private,  State,  Indian,  and  national  forest 
lands.  In  Nevada,  eastern  Oregon,  Utah,  and  southwestern  New  Mexico,  the 
PGRAs  are  managed  primarily  by  BLM.  Where  an  intermingled  land  pattern 
exists,  that  is,  where  public  lands  administered  by  BLM  are  intermingled 
with  private,  State,  Indian  lands  or  lands  administered  by  the  U.S.  Forest 
Service,  the  creation  of  economic  leasing  units  and  the  exercise  of 
proper  land  management  practices  can  present  problems.  Proper  management 
and  conservation  of  the  resource  may  require  concurrent  development  of 
intermingled  lands.  However,  with  respect  to  private,  State  or  Indian 
lands,  there  are  no  incentive  or  mandatory  features  in  the  law  or  regula- 
tions which  provide  for  such  joint  development.  Conflicting  surface 
resources  management  objectives  for  Federal  or  other  lands  could  act  as 
a deterrent  to  geothermal  development  so  adequate  preleasing  multiple-use 
resource  management  plans  should  be  formulated,  coordinated,  and  imple- 
mented. 

The  Geothermal  Steam  Act  authorizes  the  leasing  of  public  lands  subject 
to  such  rules  and  regulations  as  are  deemed  appropriate  by  the  Secretary. 
In  formulating  such  rules  and  regulations,  consideration  has  been  given 
to  the  following  alternative  leasing  plans  and  schedules  and  their  poten- 
tial resource  development  and  environmental  impacts. 

a.  Open  all  but  the  excepted  federally  owned  resources  to  leasing 

This  form  of  leasing  appears  -to  be  most  consistent  with  the  intent  of  the 
Geothermal  Steam  Act  and  it  is  the  approach  used  for  the  proposed  regu- 
lations. It  is  discussed  here  to  facilitate  comparison  with  other  alter- 
natives. Some  550  million  acres  of  public  lands  would  be  available  for 
exploration  and  potential  leasing  subject  to  appropriate  environmental 
evaluations  as  set  forth  in  Section  3200.0-6  of  the  regulations. 

Geophysical,  geologic,  and  geochemical  information  for  geothermal 
resources  is  limited.  While  some  55  million  acres  of  public  lands  have 


IV- 16 


been  identified  as  having  geothermal  potential  (KGRAs  and  PGRAs),  there 
may  be  other  areas  having  equal  or  better  potential.  Exploration  and 
development  of  all  areas  could  result  in  earlier  and  greater  location, 
development , and  utilization  of  geothermal  resources  to  meet  growing 
energy  needs.  Such  development  would  offset  the  need  for  development  of 
alternative  energy  sources  that  might  be  environmentally  or  economically 
less  acceptable. 

All  potential  developers  would  have  access  to  all  public  lands  except 
those  excluded  by  the  Geothermal  Steam  Act.  PrivAte  sector  exploration 
capabilities  and  Interests  could  be  fully  utilized  over  the  total  area 
which  would  be  conducive  to  earlier  development  and  utilization  of  geo- 
thermal resources  over  a larger  geographical  area.  While  this  alternative 
represents  a minimum  barrier  to  private  sector  exploration  and  development, 
It  provides  for  adequate  environmental  protection  measures  and  controls 
for  all  stages  of  resource  development  from  initial  exploration  to  full- 
scale  production  operations.  It  offers  maximum  latitude  for  full  Inte- 
gration of  geothermal  energy  sources  into  overall  power  industry  energy 
planning  and  production  and  affords  the  widest  range  of  development 
options . 

Geothermal  exploration  could  be  conducted  simultaneously  with  other 
resource  exploration  such  as  oil  and  gas.  Multipurpose  exploration  could 
be  less  costly,  it  could  result  in  better  use  of  available  exploration 
capabilities,  and  could  reduce  adverse  environmental  Impacts  that  could 
result  from  separate  sequential,  single-purpose  exploration  efforts. 
Considerable  geologic,  geochemical,  and  geophysical  information  could  be 
developed  as  a result  of  such  exploration  and  development  efforts  even 
though  economically  producible  geothermal  resources  are  not  found.  Such 
information  could  be  valuable  for  other  mineral  resources  or  land  man- 
agement purposes . 

The  proposed  leasing  plan  could  result  in  accelerated  development  of  new 
technologies  and  systems  to  take  advantage  of  resource  potentials,  par- 
ticularly those  not  now  of  commercial  value  under  existing  technology. 

It  also  could  be  conducive  to  development  of  by-product  systems  or  geo- 
thermal uses  other  than  for  power  generation. 

The  opening  of  all  of  these  public  lands  to  exploration  and  lease  appli- 
cation could  be  conducive  to  the  filing  for  leases  irrespective  of  real 
geothermal  potentials  since  the  areas  subject  to  noncompetitive  leasing 
would  be  available  on  a first  filing  basis.  This  could  create  an  incen- 
tive to  make  the  earliest  possible  application  as  there  might  not  be  a 
second  chance  for  the  area. 

It  also  could  create  a situation  subject  to  investment  speculation  and 
promotion  schemes,  some  of  which  would  be  built  on  exaggerated  hopes  or 
claims  of  geothermal  potentials  or  opportunities  for  windfall  financial 
returns  on  investments.  However,  speculation  could  result  under  any 
leasing  schedule. 
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There  could  be  a flurry  of  exploration  effort  to  delineate  areas 
proposed  for  leasing,  even  though  many  of  the  areas  have  little  or  no 
geothermal  potential.  Such  exploration  could  involve  all  of  the  envir- 
onmental impacts  as  set  forth  in  Chapter  III,  Section  B-2.  The  urgen- 
cies for  meeting  lease  application  time  constraints  could  result  in 
accelerated  exploration  efforts  and  potentially  greater  immediate  envir- 
onmental impacts  than  might  occur  under  alternative  leasing  plans , which 
would  delay  or  spread  exploration  activities  over  a longer  time  period. 

It  is  not  possible  to  forecast  the  magnitude  of  exploration  effort  or  the 
number  of  lease  applications  that  might  be  received  under  this  alterna- 
tive. However,  if  all  areas  were  covered  by  one  application  for  the  maxi- 
mum area  of  2,560  acres,  as  many  as  200,000  applications  theoretically 
could  be  possible.  Realistically,  there  is  virtually  no  possibility  that 
this  could  happen  since  much  of  the  public  land  appears  to  have  little  or 
no  geothermal  potential.  Overlapping  interests  could  increase  the  volume 
of  applications,  and  lack  of  interest  could  decrease  the  volume.  Inten- 
sive interest  is  expected  in  the  more  promising  areas  such  as  the  PGRA 
lands.  Lease  fee  charges  and  annual  rental  costs  will  serve  somewhat  as 
a barrier  for  lease  applications,  particularly  for  lands  having  little 
geothermal  resource  potential.  However,  large  areas  of  public  lands 
could  be  alienated  at  a minimum  holding  cost  ($50  filing  fee  plus  $1  per 
acre  first  year  rental).  In  many  instances,  there  probably  would  be  no 
development.  Other  land  and  resource  uses  of  such  areas  could  be 
restricted  due  to  the  possibility  of  such  development  so  long  as  such 
leases  were  held. 

The  proposed  leasing  plan  could  be  the  most  effective  approach  to  afford- 
ing adequate  opportunity  for  the  electric  power  industry  or  other  poten- 
tial geothermal  resource  users  to  incorporate  this  energy  source  into 
their  long-range  plans.  The  identification  of  prime  development  areas 
could  serve  to  focus  land  management  agency  land  use,  natural  resource, 
and  environmental  protection  planning  efforts  on  those  lands  most  subject 
to  early  development.  However,  such  leasing  could  impose  problems 
relative  to  agency  capabilities  to  accomplish  such  planning  and  to  take 
the  actions  required  to  meet  lease  application  and  resource  development 
impacts.  However,  under  the  proposed  regulations,  the  land  management 
agencies  have  adequate  opportunity  to  do  the  necessary  preleasing  pro- 
cedures as  set  forth  in  Section  3200.0-6  and  to  develop  the  necessary  sur- 
face management  requirements  as  provided  for  in  Subpart  3204.  Subpart  3209 
provides  the  measures  necessary  to  assure  that  exploration  measures  are 
properly  conducted.  Even  though  the  leasing  initiative  is  with  the  appli- 
cant, the  land  management  agencies  will  have  adequate  opportunity  to  take 
those  actions  and  initiate  such  controls  as  are  necessary  to  most  effec- 
tively provide  for  development  of  geothermal  resources  in  appropriate 
harmony  with  other  land  use  and  natural  resource  values  and  to  adequately 
provide  for  protection  of  the  environment. 

Land  use,  natural  resource,  and  environmental  information  may  not  be  fully 
available  for  all  areas  for  which  lease  applications  may  be  received. 

The  making  of  prelease  evaluations  and  lease  stipulations  decisions  will 
be  more  difficult  in  such  situations,  but  leasing  will  not  take  place 
unless  resource  development  can  be  accomplished  in  an  environmentally  safe 
manner. 
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Environmental  Impacts . Opening  of  all  public  lands  to  exploration  and 
leasing  could  result  in  environmental  impacts  generally  proportional  to 
the  number  of  operations  involved.  All  of  these  lands  could  be  subject 
to  exploration  regardless  of  their  geothermal  potential.  They  could  be 
exposed  to  the  various  potential  environmental  impacts  as  discussed  in 
Chapter  III,  Section  B-2,  of  this  statement. 

The  greater  the  number  of  simultaneous  actions  and  the  wider  the  geo- 
graphic distribution  of  such  activities,  the  more  difficult  it  could  be 
for  Federal  agencies  to  monitor,  supervise,  and  enforce  regulations  and 
stipulations.  Specific  evaluation  of  such  impacts  cannot  be  forecast 
but  the  environmental  exposure  would  increase  in  direct  relation  to  the 
volume,  nature,  and  geographic  distribution  of  exploration  and  leasing 
activity. 

The  qualifications  and  capabilities  of  individual  operators  also  could 
be  a significant  factor.  Reputable  operators  can  be  expected  to  ade- 
quately comply  with  all  environmental  protection  requirements.  At  the 
other  extreme,  there  probably  will  be  operators  who  may  tend  to  ignore 
certain  environmental  requirements  due  to  lack  of  capability,  desire  to 
avoid  costs,  or  for  other  reasons.  However,  the  bonding  requirements 
included  in  the  regulations  are  designed  to  assure  compliance  with 
environmental  stipulations  and,  in  those  instances  of  noncompliance, 
appropriate  corrective  measures  can  be  taken,  but  there  still  could  be 
some  degree  of  environmental  damage  that  could  have  been  avoided  with 
full  compliance. 

b . Lease  only  those  lands  classified  as  Known  Geothermal  Resource 

Areas  (KGRAs)  and  Prospectively  Valuable  Geothermal  Resource  Areas 
(PGRAs) 

This  alternative  could  involve  some  55  million  acres,  an  area  equivalent 
to  about  10  percent  of  the  area  that  would  be  available  for  leasing  under 
the  proposed  regulations.  As  many  as  20,000  applications  could  be 
involved  if  a 2,560-acre  application  were  made  for  each  part  of  the  entire 
area.  While  heavy  leasing  interest  is  expected  in  these  areas  as  a result 
of  the  existing  geothermal  classifications,  it  is  not  possible  to  forecast 
how  many  applications  will  be  received.  (Initially,  leasing  is  proposed 
for  only  three  areas  in  California.)  It  is  highly  probable  that  lease 
applications  would  not  be  received  for  all  lands.  There  also  could  be 
multiple  applications  covering  many  of  the  lands  within  the  KGRAs  and 
PGRAs.  On  an  acreage  basis,  there  probably  will  be  a greater  intensity 
of  applications  for  this  55  million  acres  than  would  be  expected  for  the 
550  million  acre  proposed  leasing  program.  Environmental  impacts  gener- 
ally would  be  directly  proportional  to  the  number  of  applications,  land 
area  involved,  and  the  diligence  with  which  development  would  be  pursued. 

Limiting  leasing  to  KGRAs  and  PGRAs  probably  would  tend  to  concentrate 
exploration  and  development  activities  to  what  appear  to  be  the  most 
promising  areas  for  development  under  existing  technologic  and  economic 
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conditions.  It  still  would  afford  considerable  opportunity  for  all 
parties  with  a genuine  interest  in  development  to  secure  leases.  Com- 
petitive leasing  is  required  for  KGRAs  and  may  be  required  for  the 
"halo"  areas  around  KGRAs  if  there  is  competitive  interest.  The  fact 
that  a KGRA  has  been  identified  may  be  considered  as  being  sufficiently 
indicative  of  the  potential  resource  value  of  such  lands  that  competi- 
tion will  result.  Where  competitive  interest  is  not  shown  in  the  form 
of  overlapping  applications,  leasing  would  be  on  a noncompetitive  basis.!/ 

Leasing  would  be  at  the  convenience  and  initiative  of  the  Government. 

This  alternative  might  provide  better  opportunity  for  land  management 
agencies  to  develop  timely  leasing  plans  for  those  areas  that  may  be 
most  subject  to  early  development  and  production.  Such  planning  must 
include  provision  for  other  land  uses,  other  natural  resources,  and  for 
environmental  values.  Concentration  of  efforts  on  a smaller  geographic 
area  might  facilitate  earlier  and  more  adequate  identification  of  poten- 
tial conflicts  or  problems  as  a basis  for  determining  the  appropriate 
leasing  actions  and  environmental  protection  measures  that  should  be 
required. 

Under  this  alternative,  exploration  activities  could  be  limited  to  the 
KGRAs  and  PGRAs  or  they  could  be  permitted  on  all  public  lands.  There 
could  be  significant  advantages  to  permitting  exploration  of  other  lands 
as  such  exploration  could  identify  prime  target  areas  that  should  be 
classified  for  leasing  and  early  development  to  gain  the  potential  energy 
and  environmental  benefits  of  geothermal  resources  as  an  alternative  to 
other  energy  sources. 

Since  these  appear  to  be  the  most  promising  areas,  exploration  and  leas- 
ing for  development  might  concentrate  private  sector  efforts  which  could 
result  in  earlier  production  from  such  resources.  The  potential  of 
other  areas  subsequently  could  be  determined  and  development  programmed 
to  meet  industry  or  area  energy  needs  consistent  with  overall  land  use, 
natural  resource,  and  environmental  objectives. 

There  also  could  be  greater  possibility  that  technical  data  may  be 
available,  or  could  be  obtained  within  reasonable  timeframes,  to  make 
prelease  evaluations  consistent  with  lessee  development  plans  and  time- 
tables. Lack  of  technical  data  could  restrict  or  delay  development  of 
appropriate  lease  stipulations  and  environmental  safeguards,  but  confin- 
ing leasing  in  this  manner  would  allow  for  concentration  of  capabilities 
on  what  appear  to  be  areas  of  highest  potential  based  upon  currently 
available  information. 


1/  Such  as  defined  in  Section  3200.5(3)  of  the  proposed  regulations. 
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The  concentration  of  known  or  potential  geothermal  resource  sites  mostly 
is  in  more  remote  areas  removed  from  population  centers.  The  KGRAs  and 
PGRAs  lie  primarily  in  areas  presently  being  used  for  activities  such  as 
domestic  livestock  grazing,  wildlife  habitat,  recreation,  sustained  yield 
timber  management,  residences,  extraction  and  processing  of  hard-rock 
minerals,  and  agricultural  production. 

PGRAs  in  Nevada  are  generally  public  lands  which  are  arid  and  undeveloped. 
The  land  is  primarily  used  as  livestock  range  and  wildlife  habitat.  The 
same  is  generally  true  with  respect  to  the  limited  PGRAs  in  Arizona. 

There  is  some  agricultural  production  in  Arizona  in  some  of  the  21  identi- 
fied PGRAs  which  do  not  contain  KGRAs. 

California  presents  a different  problem.  The  PGRAs  in  southern  California 
are  intermingled  with  private  lands  and  some  are  entirely  comprised  of 
private  holdings . Residential,  recreational,  and  agricultural  uses  pre- 
dominate in  southern  California.  Agricultural  use  generally  is  dependent 
upon  irrigation  systems.  The  geothermal  resources  in  southern  California 
generally  are  considered  to  belong  to  the  wet  steam  system  which  will 
require  the  withdrawal  of  a large  amount  of  saline  fluids  and  the  need  to 
reinject  or  otherwise  dispose  of  spent  fluids.  The  Imperial  Valley  KGRAs 
are  discussed  in  detail  in  Volume  II  of  this  statement. 

The  PGRAs  clustered  on  the  western  slopes  of  the  Sierra  Nevada  Mountain 
range  are  removed  from  population  centers.  The  majority  of  these  lands 
are  included  in  national  forests  and  Los  Angeles  watersheds.  They  also 
are  subject  to  high  recreational  use.  The  Mono-Clear  Lake  KGRA  is  dis- 
cussed in  detail  in  Volume  II  of  this  statement. 

The  PGRAs  in  northern  California  fall  into  two  distinct  geographic  areas. 
One  is  The  Geysers  area,  which  is  discussed  in  detail  in  Volume  II  of 
this  statement.  The  other  area  is  in  the  northeastern  corner  of  California 
adjoining  Oregon  and  Nevada.  Here  the  land  ownership  pattern  is  inter- 
mingled private,  national  forest,  and  public  domain.  The  population  is 
generally  sparse  and  the  lands  have  significant  recreation  values.  This 
area  is  principally  used  for  livestock  grazing  and  wildlife  habitat,  with 
some  dry  farming.  The  California  portion  of  the  PGRA  includes  four  KGRAs. 
The  PGRA  extends  into  Oregon  and  Nevada.  The  Oregon  portion  includes 
three  KGRAs  near  the  California-Oregon-Nevada  boundary. 

In  New  Mexico,  the  PGRAs  are  concentrated  in  two  areas,  one  in  the  vicinity 
of  Albuquerque  and  Santa  Fe  and  the  other  in  the  southwestern  portion  of 
the  State.  The  northern  PGRAs  contain  the  only  KGRA  in  the  State.  It  is 
believed  that  this  KGRA  contains  a dry  geothermal  steam  system.  No  other 
dry  steam  system  is  known  to  exist  in  the  United  States  outside  The  Geysers 
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in  northern  California.  This  suggests  that  this  KGRA  could  hold  great 
prospect  for  immediate  development  since  the  state  of  the  art  is  most 
advanced  for  the  dry  steam  system  and  there  is  a need  to  augment  the 
present  energy  supply  for  the  expanding  Albuquerque  metropolitan  center. 

The  northern  PGRAs  have  an  intermingled  land  ownership  pattern.  The  public 
domain  administered  by  BLM  is  intermingled  with  Indian  lands,  national 
forests,  and  private  and  State  lands.  The  area  is  subject  to  many  differ- 
ent uses,  including  residential,  recreational,  timber  harvesting,  agri- 
cultural, and  mining. 

Environmental  Impacts.  The  limiting  of  leasing  to  KGRAs  and  PGRAs  might 
afford  a better  opportunity  for  timely  evaluation,  planning,  programming, 
monitoring,  and  control  for  all  geothermal  operations  to  assure  acceptable 
environmental  protection.  Agency  efforts  could  focus  on  those  areas  most 
subject  to  early  resource  development.  The  potential  environmental  impacts 
of  geothermal  exploration  and  development  are  discussed  in  detail  in 
Chapter  III,  Section  B.  Detailed  evaluation  of  potential  environmental 
impacts  for  the  three  areas  initially  proposed  for  leasing  are  included 
in  Volume  II  of  this  impact  statement. 

Generally,  the  impacts  will  be  in  direct  relationship  to  the  number  of 
operators,  land  area,  and  environmental  settings  involved.  At  least  on 
a short-range  basis,  potential  impacts  could  be  less  than  under  the  pro- 
posed program  since  only  10  percent  of  the  total  land  that  could  be  leased 
would  be  subject  to  leasing  under  this  alternative.  However,  at  least 
part  of  this  difference  would  be  offset  by  the  fact  that  the  KGRAs  and 
PGRAs  have  been  identified  as  those  areas  of  greatest  resource  potential 
so  exploration  and  leasing  interest  probably  will  be  heaviest  for  such 
lands . 

In  actual  practice,  there  should  not  be  a significant  difference  in 
adverse  impacts  as  the  proposed  regulations  provide  for  adequate  environ- 
mental control  measures  for  all  exploration  activities  and  for  preleasing 
procedures  that  afford  land  management  agencies  the  appropriate  oppor- 
tunity to  consider  all  land,  resource,  and  environmental  values.  No 
leases  will  be  issued  if  it  is  not  felt  that  development  can  be  accom- 
plished in  an  environmentally  safe  manner.  In  those  instances  where 
adequate  information  is  not  available  to  make  such  determinations  and 
to  prescribe  appropriate  environmental  protection  measures,  the  issuance 
of  leases  will  have  to  be  delayed  or  limited  until  such  time  as  adequate 
information  can  be  obtained  and  appropriately  utilized. 

c . Lease  only  those  lands  classified  as  Known  Geothermal  Resource  Areas 
(KGRAs) 

This  alternative  would  limit  leasing  to  approximately  1 million  acres  of 
Federal  lands  that  are  included  within  the  1.8  million  acres  currently 
classified  as  KGRAs.  (See  Chapter  II-B  and  Appendix  H.)  These  are  the 
areas  which  have  been  identified  as  having  the  highest  geothermal  resource 
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potential  based  upon  currently  available  information.  Generally,  most 
of  the  discussion  relative  to  Alternative  b covering  KGRAs  and  PGRAs 
would  be  applicable  to  this  alternative  but  on  the  basis  of  about  2 
percent  of  the  acreage  discussed  in  that  alternative. 

Under  this  alternative,  more  precise  evaluations  and  plans  might  be 
possible  in  advance  of  lease  offerings.  This  could  facilitate  land  use, 
natural  resource  and  environmental  planning  and  actions,  and  possibly 
more  effective  allocation  of  resources  based  upon  factors  such  as  geo- 
thermal technology  relative  to  individual  lease  sites,  energy  demand  and 
economics,  and  specific  environmental  considerations. 

There  could  be  heavy  competition  for  the  limited  acreage  available. 
Leasing  would  be  by  competitive  bidding.  The  limited  area  could  result 
in  high  bids  that  might  limit  or  exclude  potential  developers.  If  ini- 
tial bid  costs  were  high,  the  capital  requirements  could  result  in  delay 
in  development  or  limited  budgets  which  could  result  in  operations  that 
might  tend  to  cut  corners,  particularly  relative  to  environmental  pro- 
tection measures  that  may  increase  the  costs  for  development  and  opera- 
tion. This  could  result  in  problems  in  achieving  environmental  compli- 
ance. 

Limiting  the  number  of  potential  operators  also  could  restrict  the 
development  of  technical  data  and  the  research  required  to  achieve  more 
effective  and  environmentally  safe  use  of  geothermal  resources  in  these 
and  other  areas.  Development  of  geothermal  potentials  could  be  signifi- 
cantly delayed,  thereby  requiring  the  development  of  alternative  energy 
sources  that  could  have  more  severe  environmental  impacts. 

Environmental  Impacts.  The  potential  environmental  impacts  would  be 
similar  to  those  described  under  Alternative  b,  but  under  a limited  pro- 
gram of  this  nature  all  environmental  protection  actions  could  be  closely 
supervised  and  enforced.  Experience  gained  from  such  operations  subse- 
quently could  be  utilized  when  leasing  was  expanded  to  other  areas.  From 
an  immediate  geothermal  development  standpoint,  this  alternative  might 
involve  less  adverse  environmental  exposure  but  the  impacts  of  developing 
alternative  energy  sources  could  far  outweigh  such  benefits.  This 
largely  would  depend  upon  the  amount  of  time  that  would  elapse  before 
additional  geothermal  leasing  was  permitted.  A delay  of  a few  years 
might  not  be  too  significant,  but  a long  delay  would  require  that  firm 
commitments  be  made  to  other  electric  energy  sources. 

d.  Lease  only  Federal  geothermal  resources  in  connection  with  adjacent, 
adjoining,  or  nearby  private  and  State  land  geothermal  resource 
development  to  complete  economic  units 

Presently,  private  geothermal  development  is  concentrated  in  California, 
Oregon,  Idaho,  Nevada,  and  Arizona.  Except  for  The  Geysers  area  of 
California,  private  development  is  minimal  or  only  beginning.  In  most 
cases  outside  The  Geysers  and  Salton  Sea  KGRAs,  present  geothermal 
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development  does  not  involve  generation  of  electricity  as  the  primary 
objective.  For  example,  Klamath  Falls,  Oregon,  uses  geothermal  heat 
for  space  heating. 

Private  land  resources  may  be  developed  regardless  of  Federal  leasing 
policies.  If  Federal  lands  were  not  available,  there  might  be  greater 
or  less  incentive  to  develop  private  land  resources . This  alternative 
primarily  would  provide  for  Federal/private  land  development  units. 

The  land  pattern  in  many  of  the  existing  developed  areas  is  scattered 
with  isolated  tracts  of  Federal  lands,  including  reserved  mineral  inter- 
ests, many  of  which  do  not  lend  themselves  to  economical  units  for 
geothermal  resources  exploration  and  development  purposes.  Failure  to 
make  these  scattered  lands  available  concurrent  with  exploration  and 
development  of  intermingled  private  lands  could  result  in  loss  of  the 
geothermal  resource  therein — either  as  a result  of  drainage  from  adja- 
cent private  lands  development  or  because  the  resource  would  be  passed 
over  due  to  the  depletion  of  the  resource  from  the  adjacent  private 
lands.  The  leasing  of  adjacent  Federal  lands  could  enhance  both  public 
and  private  land  potentials  by  forming  logical  production  units. 

New  technologies  and  systems  probably  would  be  developed  to  more  effec- 
tively utilize  private  land  and  related  Federal  land  resources.  Such 
technology  then  would  become  available  for  use  in  developing  major 
Federal  land  ownership  areas  at  a later  date.  This  could  result  in 
more  efficient  development  and  use  of  Federal  land  resources.  However, 
there  probably  would  be  less  research  incentive  under  this  alternative 
than  would  result  under  less  restrictive  leasing  plans  which  offer  a 
greater  variety  of  sites  and  acreage  for  development. 

A limited  leasing  program  such  as  this  might  be  more  subject  to  public 
acceptance  as  the  impact  of  geothermal  resource  exploration  in  the 
specific  areas  on  private  lands  has  or  will  have  occurred.  Further 
exploration  on  adjacent,  adjoining,  or  nearby  available  Federal  lands 
probably  would  not  materially  impact  adversely  on  other  resources  or 
conflicting  uses  due  to  previous  exploration  activities  on  private  lands. 
The  land  management  agency  could  benefit  from  the  experience  gained 
from  operations  on  private  lands,  thereby  helping  to  assure  that  leases 
would  include  all  lease  terms,  conditions,  and  special  stipulations 
required  to  protect  the  environment,  to  mitigate  adverse  impacts,  to 
provide  for  proper  reclamation,  to  conserve  the  resource,  and  to  protect 
public  interests.  Experience  gained  could  be  applied  to  a subsequent 
expanded  leasing  program  as  appropriate.  Agency  capabilities  could  be 
developed  and  scaled  up  consistent  with  planned  leasing  workloads. 

The  development  of  federally  owned  geothermal  resources  would  be  delayed 
until  adjacent  private  lands  were  considered  for  development.  Uncer- 
tainties as  to  the  availability  of  Federal  lands  could  hinder  or  prohibit 
adjacent  private  land  development.  Some  of  the  more  promising  Federal 
areas  may  have  little  or  no  adjacent  private  land  subject  to  development 
so  potential  energy  source  benefits  would  be  deferred  or  not  developed. 
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Geothermal  resource  development  would  be  delayed  or  might  not  be  used 
to  meet  a part  of  the  rapidly  growing  energy  need  even  though  such  use 
might  be  less  costly  and  more-  environmentally  acceptable  than  the 
alternative  energy  sources  that  would  have  to  be  developed. 

Under  such  a program,  the  development  initiative  would  rest  with  the 
private  landowner  and/or  developer.  The  Federal  Government  generally 
would  be  in  a reactive  role  subject  to  the  timing  of  private  land 
development . It  would  not  be  offering  other  areas  of  high  geothermal 
potential  for  development  to  meet  a portion  of  energy  needs. 

There  would  be  no  incentive  for  exploration  of  most  public  land  areas 
since  they  would  not  be  subject  to  leasing.  Classification  and  manage- 
ment planning  for  public  lands  with  potentially  significant  geothermal 
resources  would  be  delayed  due  to  the  uncertainties  of  determining  geo- 
thermal potentials,  lack  of  geothermal  information,  and  the  timeframe 
within  which  public  lands  might  be  offered  for  development. 

Environmental  Impacts . Whether  or  not  Federal  lands  are  leased,  the 
impacts  of  development  probably  will  occur  on  adjacent  or  nearby  pri- 
vate lands.  In  such  instances,  the  environment  has  already  been  exposed 
or  conditioned  to  geothermal  resources  development.  Where  development 
of  private  lands  takes  place,  the  inclusion  of  adjacent  Federal  lands 
would  only  extend  the  area  of  such  impacts.  Inclusion  of  Federal  lands 
could  result  in  environmental  protection  practices  that  also  would 
improve  environmental  protection  on  the  related  private  lands  as  private 
landowners  may  be  inclined  to  impose  less  stringent  environmental  con- 
trols and  reclamation  requirements  than  the  Federal  Government  will 
require  on  the  adjacent  or  nearby  lands  it  leases. 


e.  Lease  areas  of  greatest  potential  relative  to  electrical  energy 
needs 


The  most  immediate  need  for  a geothermal  resources  leasing  program 
appears  to  be  for  generation  of  electrical  power  to  supplement  regional 
or  local  energy  supplies.  The  use  of  geothermal  resources  for  other 
purposes  such  as  for  space  heating,  product  processing,  agricultural 
heating,  or  desalination,  either  of  the  geothermal  fluid  itself  or  of 
other  saline  waters  that  may  occur  near  or  be  transported  to  a source 
of  geothermal  energy,  appears  to  have  less  economic  potential  at  this 
time  and  may  not  occur  in  the  near  future. 

Another  alternative  for  initial  leasing  could  be  in  KGRAs  near  areas 
experiencing  the  most  acute  and  urgent  need  for  electrical  energy. 
Initially  such  a program  would  be  limited  to  California  and  possibly 
Nevada,  Arizona,  and  New  Mexico.  Private  development  to  date  has  been 
concentrated  in  these  States,  especially  in  California.  This  is  the 
situation  that  exists  relative  to  the  three  California  areas  proposed 
for  leasing  at  this  time.  (See  Volume  II  for  detailed  discussions  of 
these  three  areas.) 
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This  alternative  would  permit  the  timely  processing  of  lease  applications 
to  provide  for  early  issuance  of  leases  so  exploration  and  development 
can  begin  and  development  could  be  planned  relative  to  area  electrical 
energy  needs.  It  would  take  advantage  of  industry's  initiatives  and 
interests  for  development  and  would  permit  potential  developers  to  plan 
for  the  acquisition  of  adequate  reserves  to  warrant  commitment  to  geo- 
thermal development  and  power  production.  Savings  could  result  from 
eliminating  the  need  to  develop  more  costly  and  probably  more  environ- 
mentally damaging  sources  for  an  equivalent  amount  of  electrical  energy. 
Overall  system  planning  could  be  facilitated. 

Development  of  geothermal  resource  potentials  of  other  areas  would  be 
delayed.  While  local  needs  for  additional  electrical  energy  may  not  be 
as  great,  the  supplementing  of  local  supplies  could  relieve  pressures 
on  subregions  which  in  turn  could  have  beneficial  impacts  within  the 
region.  For  example,  southern  California  gets  much  of  its  electricity 
from  the  Pacific  Northwest.  Such  potefitial  benefits  would  be  foregone. 

Development  would  tend  to  be  limited  to  major  developers  or  users  with 
little  opportunity  for  smaller  operators  due  to  higher  initial  leasing 
costs . 

There  would  be  slower  development  of  technical  data  and  technology  due 
to  the  limited  areas  available  under  this  alternative. 

Environmental  Impacts.  To  the  extent  that  geothermal  resources  are  not 
developed,  areas  will  have  to  develop  alternative  sources  of  energy 
equivalent  which  could  be  subject  to  greater  adverse  impacts.  The  three 
areas  proposed  for  leasing  are  major  examples  of  this  alternative  as  the 
energy  produced  would  impact  on  the  San  Francisco  and  southern  California 
areas.  The  environmental  impacts  would  be  of  similar  nature  to  those  set 
forth  for  the  individual  areas  discussed  in  Volume  II  of  this  statement 
but  they  would  vary  depending  upon  the  local  environmental  setting,  the 
nature  of  the  geothermal  resources,  and  the  intensity  of  development. 


f . Prototype  leases  for  one  or  more  major  geothermal  areas 

Leasing  units  would  be  selected  by  the  Government,  probably  on  the 
basis  of  nominations  received  from  industry.  This  alternative  could 
focus  on  the  leasing  of  areas  with  the  most  promise,  the  least  poten- 
tial adverse  environmental  impacts,  and/or  areas  that  would  provide 
the  best  opportunity  for  developing  and  testing  geothermal  power  pro- 
duction systems.  These  areas  would  be  leased  under  terms  which  would 
assure  early  development  to  gain  the  benefits  to  be  derived  from 
prototype  or  pilot  plant  operations. 
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Prototype  leasing  could  permit  orderly  testing  and  evaluation  of  all 
phases  of  development  which  could  be  useful  in  subsequent,  more  com- 
prehensive leasing  programs.  The  Government  would  gain  experience  and 
information  on  various  geothermal  resources  systems  with  respect  to 
environmental  impacts,  management  practices  which  might  facilitate 
resource  use  consistent  with  protection  of  other  resource  values,  com- 
patibility of  geothermal  resources  development  with  all  other  uses  of 
the  land,  maximum  conservation  and  recovery  of  the  resource,  subsidence 
and  seismology  effects  due  to  the  withdrawal  of  fluids  from  the  reser- 
voir, etc.  Such  information  could  facilitate  the  development  of  other 
similar  geothermal  resource  areas.  However,  it  might  have  limited  value 
for  dissimilar  resource  and  environmental  situations. 

Such  a leasing  program  could  be  used  to  develop  and  test  processes  for 
recovery  and  use  of  geothermal  resources  from  the  various  systems,  i.e., 
dry  steam,  wet  steam,  dry  hot  rock,  etc.  Under  existing  technology  and 
systems,  early  production  likely  will  occur  only  from  dry  steam 
fields  or  hot  water  systems  where  most  of  the  experience  exists.  Indus- 
try could  be  reluctant  to  invest  substantial  sums  of  money  at  an  early 
date  in  unproven  methods  or  systems.  Prototype  leasing  could  provide 
opportunities  and  incentives  through  actions  such  as  deferred  bonus  pay- 
ments, offsetting  of  all  or  part  of  the  bonus  and/or  rentals  in  return 
for  guaranteed  expenditures,  and  development  allowances  for  unusual 
environmental  costs,  etc.  There  could  be  direct  Federal  participation 
in  research  needed  primarily  for  the  Government's  use  to  improve  resource 
information  and/or  environmental  protection. 

A major  consequence  could  be  extension  of  the  development  of  technology 
and  technical  data  over  a longer  timeframe  with  a corresponding  delay  in 
the  development  of  geothermal  resources  to  meet  energy  needs.  Prototype 
leasing  could  limit  development  on  public  lands  to  a few  operators,  prob- 
ably larger  ones.  Others  would  be  excluded  from  the  opportunity  to 
develop  public  land  resources  until  such  time  as  an  expanded  leasing  pro- 
gram was  offered. 

Environmental  Impacts . Because  of  the  limited  nature  of  a prototype 
leasing  program,  this  alternative  probably  would  have  the  least  immedi- 
ate environmental  impact  of  the  leasing  alternatives.  Under  this 
alternative,  the  Government  would  select  the  tracts  to  be  offered  for 
lease  and  would  closely  control  the  operations.  Specific  environmental 
impacts  should  be  minimal  due  to  such  controls . They  could  vary  by  the 
site,  the  nature  of  the  geothermal  resources,  and  the  utilization 
processes  employed.  The  Federal  leasing  commitment  would  be  limited  to 
the  scope  of  the  prototype  leases.  Future  leasing  could  embody  the 
environmental  knowledge  and  protection  measures  developed  from  the  proto- 
types so  subsequent  leasing  impacts  might  be  reduced  in  those  instances 
where  similar  conditions  exist.  However,  similar  benefits  could  be 
obtained  from  any  leasing  program  as  experience  gained  on  each  operation 
could  be  applied  to  other  similar  operations. 
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g.  Issue  leases  to  honor  only  "grandfather"  rights  for  conversion  to 
geothermal  leases  and  to  applications  for  geothermal  leases 

The  Geothermal  Steam  Act  provides  that  mineral  leases  and  permits  and 
mining  claims  which  were  outstanding  on  September  7,  1965,  may  be  con- 
verted to  geothermal  leases,  and  that  applications  for  mineral  leases 
and  permits  which  were  pending  on  September  7,  1965,  may  be  converted 
to  applications  for  geothermal  leases.  As  a result  of  this  conversion 
or  "grandfather"  right,  47  conversion  applications  were  filed,  of  which 
31  are  located  on  KGRAs.  The  applications  involved  lands  in  California, 
Nevada,  Oregon,  and  Utah.  A total  of  72,562  acres  are  embraced  in  these 
applications,  of  which  55,039  acres  are  located  within  KGRAs.  Table  IV- 1 
shows  the  acreage  distribution  of  these  applications  by  States  and  type 
of  mineral  classification.  The  lands  involved  in  the  "grandfather" 
applications  are  scattered  throughout  four  States.  Coincidentally, 
these  areas  tend  to  correspond  to  areas  having  the  most  urgent  need  to 
augment  the  local  electrical  energy  supply.  The  applications  embrace 
lands  in  six  different  KGRAs.  Table  IV- 2 shows  the  distribution  of 
applications  by  KGRA. 

Limiting  the  initial  leasing  program  to  "grandfather"  lands  would  take 
advantage  of  previous  efforts  of  industry  which  pioneered  the  search  for 
and  development  of  geothermal  resources.  This  provision  of  the  Act  was 
incorporated  into  the  statute  to  recognize  the  interest  and  rights  of 
those  who  had  made  substantial  expenditures  for  the  exploration,  develop- 
ment, or  production  of  geothermal  steam  on  the  lands  for  which  a conver- 
sion is  sought  or  on  adjoining,  adjacent,  or  nearby  Federal  or  non-Federal 
lands . 

Some  of  the  potential  environmental  impacts  have  already  occurred  from 
these  pioneering  activities.  It  is  possible  that  there  has  been  public 
acceptance  of  the  activity  and  that  this  past  exploratory  and  development 
activity  was  generally  compatible  with  the  uses  of  the  land. 

By  virtue  of  the  provisions  of  the  Geothermal  Steam  Act,  the  "grandfather" 
applicants  have  reason  to  believe  that  the  lands  they  applied  for  would 
be  leased  at  an  early  date.  While  the  Act  does  not  state  that  such  leases 
are  to  be  issued  first,  or  even  given  priority,  the  fact  remains  that  the 
conversion  of  "grandfather"  rights  had  to  be  exercised  within  180  days 
after  passage  of  the  statute,  suggesting  that  Congress  intended  relatively 
early  conversion  to  geothermal  leases. 

Under  this  alternative  the  Government  could  have  no  options  with  respect 
to  what  lands  should  be  leased  first.  Lands  potentially  even  more  valu- 
able for  early  development  may  exist,  but  they  would  not  be  made  available 
for  development  even  as  a possible  alternative  to  "grandfather"  areas. 
However,  this  alternative,  it  is  believed,  would  allow  the  leasing  of  lands 
involving  three  geothermal  resources  systems  which  could  provide  a variety 
of  development  experience  for  appropriate  subsequent  leasing  of  other 
areas . 
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Table  IV- 1, 


"Grandfather"  Right  Applications  and  Acreage 


State 

No.  of 
applications 

Total  acres  in 
applications 

Acres  within 
KGRAs 

Acres  outside 
KGRAs 

California 

38 

61,792 

50,466 

11,325 

Nevada 

5 

7,468 

4,452 

3,017 

Oregon 

1 

1,460 

0 

1,460 

Utah 

_3 

1,842 

120 

.1,722 

Total 

47 

72,562 

55,038 

17,524 

Table  IV-2.  Distribution 

of  "Grandfather" 

Right  Applications  by  KGRA 

KGRA 

..-.State 

No.  of 
applications 

Acreage 

The  Geysers 

California 

14 

12,097 

Mono  Lake-Long  Valley 

California 

8 

30,521 

Salton  Sea 

California 

5 

7,078 

Coso  Hot  Springs 

California 

1 

770 

Brady  Hot  Springs 

Nevada 

2 

4,452 

Roosevelt 

Utah 

_1 

120 

Total 

31 

55,038 
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A leasing  program  involving  only  "grandfather"  application  lands  probably 
would,  in  some  instances,  require  leasing  of  additional  peripheral  lands 
in  order  to  create  economic  leasing  units.  The  acreage  of  the  median 
"grandfather"  application  is  1,101  acres.  This  might  not  constitute  an 
economic  development  unit.  Consequently,  peripheral  lands  surrounding 
the  applications  might  have  to  be  made  available  for  leasing  at  the  same 
time  the  "grandfather"  leases  are  issued.  There  could  be  problems  to 
assure  that  additional  lands  adjacent  to  "grandfather"  leases  outside  of 
KGRAs  were  available  to  these  lessees  if  such  lands  were  required  to  per- 
mit operations.  Non-KGRA  peripheral  lands  around  the  "grandfather" 
applications  would  be  open  to  simultaneous  filings.  KGRA  lands  would  be 
subject  to  competitive  bidding.  This  would  mean  the  "grandfather"  lessees 
would  have  to  take  their  chance  against  other  applicants  in  obtaining  a 
lease  to  peripheral  lands  to  make  up  an  operational  unit.  Delays  in 
development  also  could  occur  where  negotiations  are  necessary  between 
adjoining  lessees  to  create  economical  leasing  units,  either  though 
unitization,  communitization,  or  assignments. 

A further  potential  limiting  factor  is  that  of  the  acreage  involved  in 
"grandfather"  applications  in  The  Geysers  KGRA.  About  6,700  acres  or 
55  percent  of  the  area  covered  by  "grandfather"  applications  are 
reserved  Federal  mineral  deposits.  The  issue  of  whether  a reservation 
of  "all  minerals"  in  patents  received  from  the  Federal  Government 
includes  geothermal  resources . presently  is  in  dispute  and  is  the  subject 
of  a pending  court  case.  They  could  be  offered  with  the  understanding 
that  receipts  be  held  in  escrow  until  final  court  resolution. 

Environmental  Impacts . The  environmental  impacts  in  three  of  the  KGRAs 
involved  in  "grandfather"  or  conversion  rights  are  discussed  in  detail 
for  the  three  areas  proposed  for  leasing  (see  Volume  II  of  this  state- 
ment) . These  three  KGRAs  embrace  27  of  the  31  "grandfather."  applica- 
tions within  KGRAs.  The  remaining  four  "grandfather"  applications 
located  within  KGRAs  include  one  small  area  in  Utah  embracing  120 
acres,  one  area  in  California  embracing  770  acres,  and  two  areas 
in  Nevada  involving  4,452  acres  which  could  possibly  be  economic  in 
terms  of  size. 

The  Nevada  applications  are  included  in  the  Brady  Hot  Springs  KGRA.  This 
KGRA  is  located  on  public  lands  and  appears  free  of  intermingled  lands, 
although  some  private  land  holdings  exist  in  the  area.  Livestock  grazing 
and  wildlife  habitat  are  the  primary  uses  of  the  land.  These  uses  are 
compatible  with  geothermal  resources  development  but  may  be  curtailed  or 
eliminated  once  production  is  achieved. 

The  population  in  this  area  is  generally  sparse,  and  the  KGRA  is  far 
removed  from  any  significant  population  center.  This  area  has  far  less 
population  than  the  other  four  KGRAs  in  California;  therefore,  "grand- 
father" area  geothermal  resource  development  in  the  Brady  Hot  Springs 
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KGRA  would  have  less  impact  on  people  than  any  of  the  four  KGRAs  in 
California.  Even  if  peripheral  lands  are  added  to  the  lands  under 
"grandfather"  applications,  the  character  of  the  lands  and  the  nature 
of  the  use  of  the  surrounding  lands  would  not  be  materially  different 
from  the  KGRA  lands 

h.  Prospecting  permit  leasing  program 

This  alternative  would  provide  for  geophysical  work  under  a "Prospecting 
Permit"  for  non-KGRA  lands  before  leases  would  issue.  The  exploration 
operator  would  be  given  permission  to  prospect  for  geothermal  resources 
for  a period  of  time  such  as  6 to  12  months  to  provide  adequate  time  for 
completion  of  necessary  exploration  work.  He  would  be  limited  to  an 
area  such  as  three  townships  under  each  Prospecting  Permit.  The  permis- 
sion granted  by  the  permit  would  be  exclusive.  All  exploratory  informa- 
tion obtained  would  be  made  available  to  the  Federal  Government. 

Once  the  exploration  operations  were  completed,  the  Geological  Survey 
could  classify  the  land.  If  any  of  the  lands  were  determined  to  be  a 
KGRA,  such  lands  would  be  offered  for  competitive  lease.  If  the  lands 
were  non-KGRA,  the  exploration  operator  would  be  given  the  opportunity 
to  acquire  a noncompetitive  lease  without  having  to  compete  with  others. 
The  exploration  operator  could  select  any  area  he  wanted  to  lease  within 
the  three  townships  explored  up  to  the  maximum  allowable  acreage  in  a 
State,  provided  the  selected  lands  are  in  a developable  unit.  The  option 
would  remain  with  the  Federal  Government  to  exclude  selected  lands 
because  of  unacceptable  adverse  environmental  consequences  of  geothermal 
development.  All  lease  applicants  and  successful  bidders  could  be 
required  to  submit  a plan  of  operations  setting  forth  a viable  develop- 
ment program  commencing  with  the  second  lease  year. 

The  Federal  Government  would  have  the  benefit  of  all  exploratory  infor- 
mation for  making  environmental  evaluations  and  for  developing  lease 
terms,  conditions,  and  special  stipulations.  The  prospective  lessee 
would  be  more  adequately  informed  as  to  lease  stipulations  for  preparing 
a plan  of  operation. 

Development  activity  on  leases  might  be  channeled  into  the  most  prom- 
ising areas  since  it  may  be  unlikely  that  an  exploration  operator  would 
take  a lease  where  his  exploration  operations  revealed  little  potential. 
Development  could  take  place  at  an  early  date  since  the  lessee  already 
would  have  a substantial  exploration  knowledge  and  investment. 

Where  non-KGRA  lands  are  leased,  there  would  not  be  opportunity  for  all 
interested  persons  to  acquire  a lease.  In  effect,  this  alternative 
would  give  a preference  right  to  a noncompetitive  lease  by  virtue  of  the 
exclusive  "Prospecting  Permit"  issued  in  advance  of  exploration.  However, 
if  the  area  was  classified  as  a KGRA,  others  could  bid  for  the  lease  even 
though  they  had  done  no  exploratory  work. 
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Environmental  Impacts . From  an  environmental  standpoint,  the  main 
features  of  this  alternative  are  the  limiting  of  exploratory  operations 
to  one  for  each  selected  area  and  the  availability  of  all  exploratory 
information  for  lease  consideration  and  other  land,  resource,  and  envir- 
onmental actions.  Environmental  impacts  associated  with  exploration 
could  be  more  subject  to  close  control  and  protection  compliance  since 
activities  would  be  limited  to  a single  operator  who  could  be  held 
responsible  for  all  related  impacts.  By  contrast,  where  there  are 
simultaneous  multiple-operator  explorations  under  competitive  lease 
application  time  pressures,  less  care  might  be  exercised  to  protect 
environmental  values  and,  where  more  than  one  operator  conducts  activ- 
ities in  an  area,  responsibility  and  restoration  liability  would  be 
harder  to  establish.  In  some  instances  it  might  not  be  possible  to 
determine  which  operator  caused  the  environmental  damage. 

More  complete  exploration  might  result  under  a "Prospecting  Permit" 
system  since  the  operator  would  be  afforded  adequate  time  to  explore 
the  area  without  having  to  compete  with  others  in  filing  an  application 
for  a lease.  Since  the  exploratory  information  would  be  made  available 
to  the  Government,  preleasing  evaluation,  planning,  and  the  development 
of  appropriate  lease,  environmental,  and  other  stipulations  could  be 
facilitated.  Operators  also  should  have  a better  basis  for  development 
of  operating  plans,  including  appropriate  environmental  protection 
measures . 

i . Preleasing  nomination  system 

This  alternative  would  provide  for  nominations  from  potential  geothermal 
resource  developers.  Such  nominations  would  be  periodically  called  for 
on  a statewide,  area,  or  other  appropriate  basis.  The  notice  would 
invite  the  public  to  select  those  blocks  of  land  that  they  would  like 
to  have  offered  for  lease.  Blocks  also  could  be  selected  by  the  Govern- 
ment on  a schedule  or  plan  basis. 

Upon  receipt  of  nominations,  appropriate  environmental  and  other  evalu- 
ations would  be  made  to  determine  the  areas  to  be  offered  for  lease. 

Lease  conditions  and  stipulations  could  be  developed  in  advance  of  leas- 
ing to  advise  potential  lessees  as  to  the  major  provisions  of  such 
leases.  The  Government  then  would  select  the  areas  to  be  offered. 

Lands  within  KGRAs  or  areas  covered  by  multiple  nominations  would  be 
offered  by  competitive  bidding.  Other  lands  would  be  subject  to  non- 
competitive leasing  as  provided  by  the  Geothermal  Steam  Act.  Offered 
lands  would  be  in  economic  leasing  blocks  based  upon  available  geothermal 
reservoir  and  other  available  information. 

Such  a system  might  be  conducive  to  early  geothermal  development  since 
selection  of  tracts  through  the  nomination  process  could  focus  explora- 
tion, evaluation,  and  development  efforts  on  those  areas  in  which 
potential  developers  have  shown  interest. 
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Environmental  Impacts.  To  the  extent  that  earlier  development  of  geo- 
thermal resource  potentials  are  realized,  there  could  be  environmental 
advantages  from  the  standpoint  of  avoiding  the  need  to  develop  alterna- 
tive electrical  energy  sources  that  could  be  environmentally  more  dam- 
aging. Since  both  private  sector  and  governmental  interests  and  capabil- 
ities woqld  be  focused  on  those  areas  which  probably  would  be  most 
subject  to  early  development,  maximum  attention  could  be  given  to  all 
environmental  protection  considerations  for  the  area  involved.  Leasing 
would  be  at  the  convenience  of  the  Government  based  upon  nomination 
evaluations.  This  could  allow  fuller  opportunity  for  obtaining  all 
information  required  to  assure  that  development  would  be  done  in  the 
most  effective  and  environmentally  acceptable  manner. 

There  still  would  be  adequate  opportunity  for  the  conduct  of  explora- 
tion activities  to  permit  prospective  lessees  to  do  the  necessary  work 
required  as  a basis  for  tract  nomination.  Exploratory  information  prob- 
ably would  not  be  available  to  the  Government  since  it  could  be  consid- 
ered as  being  of  a proprietary  nature  to  individuals  who  subsequently 
might  have  to  compete  in  bidding  for  leases.  This  could  be  a disadvan- 
tage relative  to  alternatives  that  could  require  that  such  information 
be  furnished  to  the  Government  for  its  use  in  resource  evaluation  activ- 
ities since  there  can  be  environmental  advantage  associated  with  any 
such  information. 

j . Maximizing  competitive  leasing  for  nonclass  if ied  lands 

Under  this  system,  issuance  of  one  or  more  noncompetitive  leases  in  an 
area  could  result  in  the  establishment  or  creation  of  a potential  geo- 
thermal resource  area  (PGRA).  This  area  could  be  determined  to  be  all 
the  land  within  a designated  area  such  as  one  having  boundaries  which 
are  5 miles  from  the  most  northerly,  easterly,  southerly,  and  westerly 
boundaries  of  the  tract  or  tracts  included  in  the  noncompetitive  leases. 
Once  the  PGRA  was  defined,  the  issuance  of  geothermal  leases  on  a sig- 
nificant portion  of  the  area  such  as  10,000  acres  in  a PGRA  or  one- 
quarter  of  the  available  Federal  lands  within  the  PGRA  would  be  consid- 
ered demonstration  of  sufficient  competitive  interest  to  warrant 
competitive  leasing  for  the  remainder  of  the  PGRA.  The  PGRA  would  then 
be  classified  as  a KGRA.  Subsequent  leasing  then  would  be  by  competitive 
bidding. 

Upon  issuance  of  the  initial  lease,  preliminary  evaluations  could  be  made 
of  the  PGRA  to  provide  for  subsequent  lease  actions.  When  the  PGRA  was 
classified  as  a KGRA,  the  Government  would  be  in  a position  to  complete 
preleasing  evaluations  for  the  entire  area  before  lands  are  offered  for 
competitive  leasing.  It  also  would  permit  the  successful  bidder  to 
formulate  a definite  plan  of  operation  at  an  earlier  date. 

Under  this  alternative  there  could  be  an  early  filing  rush  in  an  attempt 
to  obtain  the  maximum  allowable  acreage  noncompetitively  as  subsequent 
leases  could  be  more  costly  or  even  not  obtainable  to  some  interested 
parties  due  to  competitive  bidding  factors. 
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Competitive  leasing  would  be  based  upon  Federal  selection  and  offering 
and/or  private  sector  nominations.  Leasing  would  be  at  the  discretion 
of  the  Government  so  there  could  be  fuller  opportunity  for  adequate  pre- 
lease planning;  accumulation  of  necessary  land  use,  natural  resource 
and  environmental  information;  the  making  of  evaluations;  and  the  formu- 
lation of  lease  stipulations  and  environmental  protection  requirements 
for  inclusion  in  lease  offering  information  and  in  the  subsequent  lease 
stipulations.  This  could  improve  overall  land  and  resource  multiple-use 
planning  and  action  programs  and  reduce  the  uncertainties  of  unknowns 
relative  to  proposed  leases.  It  could  be  conducive  to  offering  of  the’ 
most  promising  geothermal  lands  for  early  geothermal  resource  develop- 
ment. Operators  could  be  fully  aware  of  mdjor  land,  resource,  and 
environmental  plans  and  requirements  which  could  facilitate  their  devel- 
opment of  operating  plans  for  review  and  approval. 

Competitive  leasing  might  restrict  the  number  of  lessees  as  a result  of 
higher  bids  and  initial  leasing  costs.  Competitive  bidding  might  attract 
those  most  interested  and  capable  of  early  development  and  utilization 
of  geothermal  resources.  Smaller  operators  with  less  capital  might  not 
be  able  to  compete,  particularly  for  the  more  promising  areas.  From  an 
environmental  standpoint,  this  might  be  advantageous  as  those  with  ade- 
quate financial  resources  and  development  capabilities  could  be  in  a 
better  position  for  taking  all  measures  necessary  to  protect  and  accom- 
modate all  land  use,  resource,  and  environmental  values.  However,  com- 
petitive bidding  also  could  result  in  leases  where  the  lessee  has 
committed  so  much  of  his  capital  to  the  obtaining  of  the  lease  that 
financial  constraints  could  impair  his  ability  to  develop  the  geothermal 
resource  potential  in  the  most  environmentally  acceptable  manner. 

Competitive  leasing  might  tdnd  to  discourage  preleasing  exploration 
since  there  would  be  no  assurance  that  those  doing  the  exploratory  work 
would  be  the  successful  bidder.  Due  to  lease  uncertainties,  those  con- 
ducting exploration  activities  could  tend  to  limit  costs  which  in  turn 
could  result  in  greater  adverse  environmental  exposure  from  such  opera- 
tions. There  could  be  incentive  to  apply  for  leases  with  little  or  no 
advance  exploration  since  first  year  costs  would  be  nominal.  Explora- 
tion work  to  be  accomplished  after  a lease  has  been  issued  would  be 
covered  by  lease  provisions  requiring  appropriate  environmental  protec- 
tion measures . 

Environmental  Impacts.  Noncompetitive  lease  applications,  prior  to  KGRA 
classification,  could  be  based  on  limited  geothermal  resource  information, 
particularly  if  there  was  a rush  to  obtain  leases  on  a noncompetitive 
basis .before  areas  were  classified  as  KGRAs.  Hurried  exploration  could 
pose  greater  environmental  risk  than  might  result  if  most  of  the  area  was 
subject  to  noncompetitive  leasing.  Little  might  be  known  about  other 
land,  resource,  or  environmental  values.  Leases  might  be  issued  with 
minimum  of  initial  stipulations  subject  to  subsequent  revisions  as  nec- 
essary as  exploration  and  development  progresses  and  as  more  complete 
evaluations  could  be  made.  Assuring  adequate  environmental  protection 
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for  the  initial  noncompetitive  leases  could  be  more  difficult  due  to 
the  uncertainties  that  may  exist.  There  could  be  little  incentive  for 
early  exploration  and  development  once  a noncompetitive  lease  was  issued, 
particularly  if  such  leasing  was  of  a speculative  nature  awaiting  further 
leasing  activity. 

This  alternative  could  be  conducive  to  earlier  identification  of  promis- 
ing geothermal  areas  which  in  turn  could  result  in  earlier  production 
that  could  offset  the  need  to  develop  an  equivalent  alternative  energy 
source  that  could  be  environmentally  less  acceptable.  Once  the  initial 
leases  were  issued,  the  Government  would  control  subsequent  lease  offer- 
ing actions  since  competitive  offerings  would  be  at  the  convenience  of 
the  Government.  Information  could  be  obtained  from  initial  noncompeti- 
tive leases  which  could  facilitate  the  environmental  evaluations  and 
preparation  of  lease  stipulations  to  assure  environmentally  safe  opera- 
tions . 

k.  Noncompetitive  leasing  for  all  areas  outside  of  KGRAs  and  PGRAs 

Approximately  1 million  acres  of  Federal  lands  have  been  classified  as 
KGRAs  and  54  million  acres  are  classified  as  PGRAs.  This  leaves  over 
500  million  acres  of  leasable  public  lands  as  not  now  being  considered 
as  having  significant  geothermal  resource  potential.  It  is  possible 
that  these  lands  may  not  be  subject  to  significant  exploration  effort 
unless  some  incentive  is  offered  to  encourage  exploration  ventures. 

Even  though  present  geologic  information  does  not  indicate  geothermal 
potential,  there  could  be  resources  areas  that  have  not  been  discovered. 
Similar  situations  have  existed  relative  to  oil  and  gas  where  wildcat 
exploration  efforts  have  led  to  significant  discoveries. 

Under  this  alternative  all  areas  outside  of  KGRA  and  PGRA  classified 
areas  would  be  offered  for  noncompetitive  leasing  irrespective  of  the 
number  of  applications  that  might  be  received  for  any  one  area.  Pri- 
ority for  overlapping  applications  would  be  determined  by  the  filing 
date  of  applications.  Applications  filed  the  same  day  would  be  subject 
to  drawing  for  lease  award.  There  would  be  no  restriction  on  when  an 
application  could  be  filed.  The  lands  would  be  continuously  opened  to 
filing  and  leases  would  be  issued  on  a first-come  basis.  Applications 
could  be  filed  without  requiring  the  first  year's  advance  rental  to 
accompany  the  applications.  Such  rental  would  be  required  when  a lease 
issues . 

To  encourage  exploration  and  leasing,  annual  rentals  could  be  fixed  at 
the  statutory  minimum  of  $1  per  acre  for  the  first  5 years.  Diligent 
exploratory  operations  could  be  required  to  begin  no  later  than  the 
sixth  year.  Lease  extension  after  the  primary  10  years  could  be  subject 
to  evidence  of  diligent  development  effort. 
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As  a further  incentive,  lessees  could  be  permitted  to  enter  into  a 
development  contract,  approved  by  the  Secretary,  which  could  provide 
relief  from  acreage  chargeability  or  allow  that  diligent  exploration 
performed  on  one  or  more  of  the  leaseholds  involved  would  satisfy  the 
diligent  exploration  requirement. 

Leases  could  be  issued  upon  application  after  completion  of  area-type 
environmental  analysis.  Such  analysis,  in  combination  with  agency  land 
and  resource  management  plans,  would  provide  the  information  required 
for  formulating  the  general  and  specific  environmental  stipulations  to 
be  included  in  leases.  Each  lease  could  contain  a provision  that  would 
permit  the  Government  to  add  or  modify  stipulations  as  work  progresses 
and  evaluations  indicate  the  need  for  additional  protection  measures. 
Lessees  would  be  required  to  furnish  all  exploratory  and  other  informa- 
tion to  the  Government.  They  also  would  be  required  to  submit  operating 
plans  for  all  phases  of  their  operations.  Such  plans  would  be  subject  to 
approval  before  operations  would  be  permitted. 

Exploration  and  development  activities  would  be  subject  to  appropriate 
monitoring  to  assure  compliance  with  lease  stipulations,  approved  oper- 
ating plans,  and  operating  orders.  If  potentially  unacceptable  environ- 
mental impacts  were  detected,  corrective  measures  would  be  required.  If 
such  were  not  possible,  no  further  operations  would  be  permitted. 

Under  noncompetitive  leasing,  potential  developers  might  have  more  incen- 
tive to  secure  a lease  at  the  earliest  possible  date  to  protect  them- 
selves against  filing  by  others.  They  would  have  the  advantage  of  tenure 
beginning  with  the  filing  of  their  application.  This  could  allow  time 
for  more  complete  development  of  exploration  and  development  plans,  pos- 
sibly simultaneously  with  Government  processing  of  the  lease  application. 
Such  a simultaneous  effort  could  be  conducive  to  more  fully  coordinated 
Federal  and  lessee  plans  as  issuance  of  leases  could  be  timed  to  allow 
for  all  necessary  preleasing  actions.  So  long  as  the  lessee's  rights  to 
a lease  were  protected,  there  might  be  no  adverse  effects  from  delaying 
actual  lease  issuance  until  the  necessary  preleasing  evaluations,  lease 
stipulations,  etc.  had  been  completed.  The  applicant  would  be  able  to 
continue  exploration  efforts  and  interim  permits  for  portions  of  develop- 
ment activities  could  be  issued  as  appropriate  subject  to  subsequent 
modification. 

Environmental  Impacts.  Potential  environmental  impacts  generally  would 
be  similar  to  those  associated  with  the  proposed  program.  Noncompetitive 
leasing  would  allow  for  participation  by  the  greatest  number  of  potential 
lessees.  This  could  accelerate  the  rate  of  resource  discovery  and  devel- 
opment. It  also  could  result  in  greater  environmental  exposure  due  to 
the  number  and  wide  geographic  distribution  of  exploration  and  development 
activities.  To  the  extent  that  development  is  accelerated  or  delayed, 
the  development  of  equivalent  energy  sources  would  be  correspondingly 
affected.  Where  such  alternatives  are  environmentally  more  damaging  then 
geothermal  development,  there  would  be  corresponding  environmental 
advantages  or  disadvantages. 
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Under  a noncompetitive  leasing  system,  leases  would  be  issued  on  a first 
application  basis.  The  addressing  of  many  land  use,  resource  planning, 
and  environmental  issues,  and  the  submission  of  operating  plans,  might 
have  to  be  delayed  until  after  applications  were  received  and  possibly 
after  leases  have  been  issued.  However,  there  still  would  be  adequate 
opportunity  to  develop  necessary  environmental  protection  measures  and 
stipulations  for  inclusion  in  leases  and  operating  orders.  Overall  land 
and  resource  multiple  uses  might  be  subject  to  more  problems  than  might 
result  under  a competitive  bidding  or  tract  nomination  system  where  plan- 
ning and  evaluation  work  was  accomplished  in  advance  of  leasing. 

The  nominal  initial  investment  associated  with  noncompetitive  leasing 
could  be  conducive  to  exposure  to  a wider  variety  of  potential  lessees 
ranging  from  serious  and  capable  developers  to  speculators  with  little 
or  no  interest,  capability,  or  actual  intent  of  personal  development. 
Potential  environmental  impacts  and  their  relative  severity  likewise 
could  vary  widely  with  the  greatest  impact  potential  being  with  those 
least  qualified  to  perform  exploration  and  development  activities  in  an 
environmentally  acceptable  manner.  While  it  is  possible  to  control  such 
activities  through  exploration  and  lease  procedures  and  stipulations, 
surveillance  and  enforcement  become  more  difficult  with  marginal  oper- 
ators, particularly  when  they  may  range  over  wide  geographic  areas. 


3.  Alternatives  for  Exploration  and  Development  of  the  Resources 

Geothermal  resource  exploration  and/or  development  on  the  public  lands 
could  be  accomplished  by  the  private  sector,  by  the  Federal  Government, 
or  by  various  combinations  of  Federal/private  joint  or  cooperative 
efforts . 

The  proposed  leasing  program  provides  for  the  private  sector  performing 
those  exploratory  activities  as  are  considered  necessary  by  individual 
operators  for  evaluation  of  resource  potentials  prior  to  leasing,  for 
filing  of  applications  for  noncompetitive  leases  or  for  competitive 
bidding,  and  for  preleasing  development  planning.  This  affords  maximum 
opportunity  for  potential  lessees  to  develop  whatever  information  as  is 
needed  within  the  timeframe  of  their  individual  plans  or  operations. 
Individual  operators  would  not  be  dependent  upon  exploratory  information 
developed  by  others  which  might  not  meet  their  information  or  timing 
needs.  Even  where  information  of  this  nature  is  available,  there  may  be 
need  for  individuals  to  verify  it  or  develop  additional  detail  relative 
to  their  particular  needs.  Accordingly,  private  sector  exploration 
could  be  more  conducive  to  earlier  discovery  and  development  of  geo- 
thermal resources. 

The  nature  and  potential  impacts  of  exploration  activities  are  described 
in  Chapter  III,  Section  B(2).  Mitigating  measures  for  environmental 
protection  are  discussed  in  Chapter  III,  Section  C(2).  The  following 
section  presents  considerations  relative  to  alternative  ways  in  which 
exploration  and  development  could  be  accomplished. 
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a. 


Federal  exploration  and  development 


Geothermal  resource  exploration  and  development  could  be  accomplished  by 
a Federal  agency  or  by  a Government  corporation.  Such  undertakings  could 
be  limited  to  general  exploration,  to  exploration  and  general  delineation 
of  geothermal  reservoirs,  or  they  could  include  complete  exploration  and 
development  testing  to  the  point  where  knowledge  of  the  resource  and 
environmental  factors  would  result  in  lease  offerings  of  proven  reserves. 
Potential  resource  and  environmental  advantages  and  disadvantages  of 
Federal  exploration  and  development  within  the  broad  range  set  forth 
above  could  be  significant. 

Under  a Federal  program,  the  Government  would  have  absolute  control 
over  all  exploration  and  development  actions  and  their  associated 
environmental  impacts.  The  Federal  Government  and  the  public  would 
have  full  access  to  all  information. 

Such  exploration  and  inventory  information  on  the  location,  quantity, 
and  physical  properties  and  quality  of  geothermal  resources  could  be 
of  significant  value  for  assuring  the  most  effective  management  of  geo- 
thermal resources  in  harmony  with  other  land  uses  and  natural  resource 
and  environmental  values.  Under  private  sector  exploration  and  develop- 
ment, such  information  may  not  be  developed  and  company  competitive 
factors  could  result  in  reluctance  or  refusal  to  disclose  exploration 
plans  or  findings.  Where  such  information  is  furnished  to  the  Govern- 
ment, it  may  be  considered  to  be  privileged  and  not  subject  to  public 
disclosure. 

In  addition  to  the  geothermal  resource  and  related  environmental  infor- 
mation obtained  by  Federal  exploration  activities,  much  geologic  and 
other  information  might  be  obtained  which  could  be  of  considerable  value 
for  environmental  protection  and  management  of  other  public  land  and 
mineral  resources.  A Federal  program  could  provide  for  more  complete 
collection  and  dissemination  of  such  information.  Private  exploration 
probably  would  develop  only  that  information  directly  related  to  geo- 
thermal resources.  Other  resource  information  not  directly  related  to 
geothermal  resources  might  not  be  developed  or  made  available  for  other 
potential  uses  or  users. 

Private  exploration  and  development  could  tend  to  highgrade  resource 
opportunities  for  short-term  economic  return.  A Federal  program  might 
be  more  conducive  to  systematic  and  complete  area  coverage  to  better 
identify  both  immediate  and  longer  term  resource  potentials  and  signifi- 
cant environmental  factors.  It  might  result  in  the  location  and  early 
development  of  a greater  proportion  of  the  total  resource  potential  of 
each  area.  Under  private  exploration,  areas  passed  over  in  the  initial 
effort  could  be  less  subject  to  future  exploration  and  development. 
Federal  exploration  would  produce  resource  inventories  that  could  be 
called  upon  when  new  technologies  or  changing  economies  made  development 
economically  and  environmentally  feasible. 
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Public  land  resources  might  have  greater  availability  to  all  potential 
developers  since  leases  involving  better  known  resources  would  be  sub- 
ject to  more  positive  advance  identification  of  environmental  con- 
straints and  requirements.  Resources  might  not  be  as  subject  to  private 
sector  withholding  due  to  speculation,  resource  or  environmental  uncer- 
tainty, or  other  reasons. 

Overall,  there  could  be  greater  total  resource  recovery  from  individual 
areas  since  the  Government  might  be  more  fully  informed  as  to  the  nature 
and  extent  of  the  geothermal  resource  and  its  potential  for  energy  pro- 
duction as  well  as  possible  by-products  of  fresh  water  or  minerals. 
Development  of  Federal  geothermal  resources  could  be  better  coordinated 
with  private  land  geothermal  resources  as  well  as  with  other  energy 
energy  resources.  More  efficient  recovery  practices  might  be  planned 
and  implemented  for  entire  areas.  Significant  environmental  advantages 
could  accrue  from  greater  resource  use  efficiencies  or  recovery  systems 
that  minimize  surface  impacts. 

There  could  be  more  orderly  and  environmentally  safe  development  of 
Federal  resources,  particularly  in  areas  where  it  might  not  currently 
be  economically  feasible  for  a single  individual  or  company,  or  a com- 
bination of  individuals  or  companies,  to  undertake  exploration  and  devel- 
opment under  existing  or  potential  technologic,  economic,  land  use,  or 
environmental  constraints.  Exploratory  information  could  provide  a basis 
for  future  private  sector  development  decisions. 

Private  sector  exploration  and  development  could  be  more  conducive  to 
earlier  geothermal  development  in  areas  of  greatest  energy  need  since 
industry  would  be  in  control  of  the  entire  process  from  exploration  to 
production.  By  contrast,  Government  programs  might  trend  toward  obtain- 
ing more  complete  geologic  and  other  natural  resource  and  environmental 
knowledge  than  is  needed  for  geothermal  resource  exploration  since  such 
knowledge  could  be  simultaneously  developed  to  serve  other  purposes. 

While  it  would  be  of  value  for  broader  land  use  and  resource  programs, 
it  could  delay  completion  of  the  less  comprehensive  investigation  needed 
for  geothermal  resources.  Federal  exploration  could  cover  a broader 
area,  including  other  mineral  values,  and  could  serve  multiple  purposes, 
thereby  reducing  the  environmental  impact  by  avoiding  multiple  single- 
purpose exploration  efforts. 

The  rate  of  geothermal  resource  development  could  be  reduced  if  Govern- 
ment efforts  were  oriented  to  full  exploration  of  each  geothermal  area 
rather  than  concentrating  on  those  areas  having  the  greatest  immediate 
economic  production  potential.  In  many  instances,  such  potential  might 
better  be  determined  by  those  having  the  responsibility  for  developing 
and  producing  electrical  energy  from  geothermal  or  alternative  sources. 
Industry  uncertain  y as  to  the  Federal  exploration  and  development  sched- 
ule, nature  and  intensity  of  effort,  rate  of  proving  of  reserves,  sales 
policies,  etc.  cov  .d  result  in  industry  decisions  to  invest  in  higher 
cos t and/or  less  environmentally  acceptable  alternatives. 
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The  exploration  of  private  lands  is  a private  sector  function.  Frequently 
intermingled  or  adjacent  public  and  private  lands  need  to  be  simultaneously 
explored  and  developed.  Split  responsibility  could  interfere  with  such 
development.  The  rate  at  which  private  land  resources  are  developed 
could  be  reduced  pending  the  timing  and  outcome  of  Federal  efforts  and  the 
availability  of  Federal  geothermal  resources.  Depending  on  private  capital 
and  initiative  for  exploration  and  development  may  not  result  in  the 
optimum  rate  of  exploration  effort  and  resource  development  for  all  areas, 
particularly  for  higher  risk  ventures  or  areas  thought  to  be  less  promising. 

Much  of  the  geothermal  exploration  effort  and  information  is  similar  to 
that  for  oil  and  gas.  Information  gathered  from  either  type  of  activity 
can  be  of  considerable  value  relative  to  other  resources  and  related 
environmental  factors.  Since  oil  and  gas  exploration  is  done  by  the  pri- 
vate sector,  there  could  be  a duplication  of  effort  and  related  environ- 
mental impacts  if  a Federal  program  covered  the  same  area  but  from  a geo- 
thermal approach. 

Under  a Federal  program,  Federal  lands  could  remain  more  available  for 
other  simultaneous  or  sequential  compatible  uses  during  exploration  and 
initial  development  stages.  At  time  of  leasing,  only  those  lands 
required  for  geothermal  production  from  proved  reserve  areas  would  need 
to  be  included  in  leases  or  permits.  If  exploration  did  not  result  in 
producible  geothermal  reserves,  the  public  lands  would  remain  available 
for  other  uses  as  they  would  not  be  encumbered  by  leases.  A Federal 
program  could  provide  for  more  orderly  and  environmentally  safe  develop- 
ment and  use  of  public  lands  and  their  resources.  Land  management  plans 
could  be  based  upon  a more  complete  inventory  of  all  potential  resource 
values  and  uses.  By  contrast,*  private  exploration  and  development  could 
result  in  geothermal  leasing  of  areas  that  might  subsequently  be  found  to 
have  more  important  or  higher  priority  uses  than  might  have  been  identi- 
fied by  Federal  exploration,  planning,  and  development. 

It  is  possible  that  virtually  all  potential  benefits  of  Government 
exploration  and  development  could  be  achieved  by  other  Federal  policies, 
actions,  and  controls.  For  example,  it  could  be  required  that  all 
Federal  land  geophysical  information  be  made  available  to  the  Government. 
Likewise,  public  disclosure  of  such  information  could  be  required. 

If  geothermal  exploration  and  development  activities  are  properly  con- 
ducted, the  environmental  impacts  for  any  given  area  should  not  be  sig- 
nificantly different  under  Federal  or  private  sector  operations.  The 
proposed  leasing  and  operating  regulations  are  so  designed  as  to  provide 
adequate  environmental  protection  throughout  all  stages  of  geothermal 
activities . 

Federal  operations  could  be  more  environmentally  sensitive  than  commer- 
cial operations,  particularly  where  environmentally  related  costs  are  a 
major  factor.  Private  sector  operators  could  range  from  reputable 
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companies  that  will  make  every  effort  to  comply  fully  with  all 
environmental  protection  laws,  regulations,  and  stipulations  to  indi- 
viduals who  will  have  little  or  no  regard  for  environmental  values, 
particularly  if  protective  measures  result  in  additional  costs.  The 
various  environmental  protection  controls  included  in  the  geothermal 
regulations  such  as  the  exploration  notice  of  intent;  bonding  require- 
ments; required  compliance  with  Federal  and  State  environmental  laws  and 
standards;  site-sensitive  stipulations;  etc.  are  designed  to  hold  adverse 
environmental  effects  to  acceptable  limits.  Surveillance  of  operations 
and  post-operational  inspections  can  detect  potential  damage  and  provide 
for  the  necessary  corrective  measures.  However,  in  some  instances  there 
still  may  be  greater  adverse  impacts  from  private  operations  than  would 
occur  if  the  same  exploration  on  the  same  area  had  been  federally  con- 
ducted. 

Private  sector  exploration  and  development,  at  least  in  the  near  future, 
probably  would  concentrate  on  the  more  promising  geothermal  areas  near 
population. centers  as  such  areas  could  be  more  subject  to  economic  devel- 
opment. Such  lands  probably  would  be  subject  to  more  and  heavier  existing 
uses  and  development  than  more  remote  areas.  Environmental  impacts  rela- 
tive to  existing  uses  could  be  significant,  particuarly  if  conversion  to 
industrial  type  operations  should  occur.  However,  since  the  lands  already 
are  subject  to  varied  degrees  of  use,  the  incremental  impact  might  not  be 
as  great  as  would  occur  from  exploration  and  development  in  more  remote 
areas  where  there  are  no  roads  or  trails  for  access,  or  where  other  uses 
have  not  impacted  significantly  on  the  natural  environment. 

b.  Joint  or  coordinated  Federal  and  private  sector  exploration  and 

development 

Exploration  and  development  could  be  achieved  through  a joint  or  coordi- 
nated Federal/private  sector  effort.  Such  a Federal  program  could  be  in 
the  form  of  a direct  Federal  effort,  federally  funded  contracts,  or 
Federal  contributions  to  defray  a portion  of  the  private  sector  costs 
for  projects  that  otherwise  might  not  be  undertaken  by  the  private  sector 
because  of  economic  or  other  constraints.  Similarly,  provision  could  be 
made  for  private  sector  financial  contributions  to  Federal  programs  to 
reflect  appropriate  cost  sharing  relative  to  the  magnitude  of  potential 
benefits  to  be  derived.  This  could  result  in  the  better  utilization  of 
physical  and  financial  capabilities  to  assure  that  public  land  geothermal 
resources  are  explored  and  developed  in  the  most  timely,  effective,  and 
environmentally  safe  manner.  Responsibilities  and  activities  could  be 
programmed  as  follows : 

(1)  Soon  after  the  leasing  regulations  are  in  effect  there  may  be 
a positive  showing  of  private  sector  interest  as  evidenced  by  notices  of 
exploration  intent,  leasing  applications,  and  nominations  for  competitive 
bid  leasing.  Reliance  could  be  placed  upon  the  private  sector  for  the 
exploration  and  development  of  areas  subject  to  such  interest.  The  private 
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sector  would  assume  all  responsibilities  for  such  activities  consistent 
with  whatever  land,  natural  resource,  and  environmental  protection 
stipulations  as  are  necessary. 

(2)  There  probably  would  be  many  areas  of  interest  to  the  private 
sector  but  for  which  costs,  risks,  etc.  may  be  such  as  to  preclude  timely 
exploration  and  development.  It  might  be  appropriate  for  the  Federal 
Government  to  share  in  the  costs  for  exploration  and  development  of  such 
marginal  areas  or  to  pay  the  extra  cost  for  information  primarily  of  value 
to  the  Federal  Government.  If  the  resource  potential  is  not  suited  for 
development,  the  lands  would  be  subject  to  other  uses  without  the  need 
for  further  consideration  of  potential  geothermal  development.  Valuable 
resource  and  environmental  information  would  have  been  obtained  which 
could  be  used  for  overall  land  and  resource  management. 

(3)  Where  there  is  little  or  no  evidence  of  private  sector  interest 
in  potential  geothermal  lands , it  might  be  appropriate  for  the  Federal 
Government  to  conduct  whatever  exploration  and  development  work  as  is 
necessary  to  inventory  resource  potentials  and  environmental  factors  that 
should  be  considered  in  the  overall  planning  of  future  uses  for  such 
lands.  In  some  instances,  findings  might  be  such  as  to  be  conducive  to 
early  private  sector  development.  Lands  found  to  have  little  or  no  geo- 
thermal potential  would  be  free  of  geothermal  encumbrances  and  their  use 
could  be  planned  accordingly.  This  would  constitute  an  integral  part  of 
the  overall  public  land  management  and  environmental  protection  responsi- 
bility for  information  required  to  assure  their  most  effective  development 
and  use  in  meeting  highest  priority  public  needs.  The  Federal  program 
could  be  scheduled  consistent  with  energy  resource  or  other  public  land 
use  priority  needs.  Such  efforts  could  be  limited  to  geothermal  resources 
or  be  comprehensive  geologic  and  geophysical  investigations  which  could 
serve  many  purposes. 
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4.  Alternative  Sources  for  Electrical  Energy 

Numerous  studies  of  national  energy  demand  have  been  made  in  recent  years 
and  all  predict  a rapidly  increasing  demand.  Three  authoritative  studies, 
which  will  be  relied  on  subsequently  in  this  statement  are  "United  States 
Energy  - A Summary  Review"  Department  of  the  Interior,  January  1972;  United 
States  Energy  Through  the  Year  2000,  Department  of  the  Interior,  December  1972; 
and  U.S.  Energy  Outlook,"  an  appraisal  made  by  the  National  Petroleum  Council 
at  the  request  of  the  Secretary  of  the  Interior,  issued  in  November  1971.  The 
Department  estimates  that  gross  energy  input  in  the  United  States  will  increase 
from  68,989  trillion  Btu  in  1971  to  191,900  trillion  Btu  by  2000. 

The  portion  of  the  total  energy  demand  in  the  year  2000  attributable  to 
electric  generation  by  utilities  is  expected  to  be  76,000-85,000  trillion 
Btu,  depending  upon  future  developments  in  power  generation.  Of  this  energy 
consumed  to  produce  electricity,  some  30,000-36,000  trillion  Btu  would  be 
available  for  utilization  by  the  ultimate  consumer.  The  difference  in  these 
figures  represents  inherent  efficiency  losses  in  electric  power  generation, 
transmission  and  distribution. 

*Mineral  Facts  and  Problems"  presents  the  following  discussion  of  the  potential 
for  power  generation  alternatives: 

"In  household,  commercial,  and  industrial  heating,  and  in  the  generation 
of  steam  and  (electrical)  power,  distillate  and  residual  fuels  compete 
with  coal  and  natural  gas.  A competitor  with  growing  strength  in  the 
household  heating  market  is  electricity,  which  is  generated  from  several 
fuel  sources  including  fuel  oil.  In  industrial  and  large  commercial 
applications,  price  frequently  is  more  decisive  than  it  is  in  domestic 
or  small  commercial  uses  where  convenience  and  related  factors  outweigh 
the  price  advantages  of  other  fuels. 

"Air  quality  regulations  are  a factor  of  increasing  importance  in  fuel 
substitution.  Alternative  energy  sources  are  being  discussed  as  pos- 
sible substitutes  for  air-polluting  petroleum  fuels  in  some  uses. 

Such  sources  include  electricity,  natural  gas  and  nuclear  energy." 

(The  conversion  of  liquid  or  gaseous  fuel  to  electrical  energy  is  a 
consumer  of  energy  because  of  the  inefficiency  of  the  current  conversion 
techniques.  Therefore,  any  increase  in  electrical  generation  has  the 
potential  for  increasing  the  demand  for  liquid  fuels.) 

All  forms  of  energy  supplement  one  another  in  the  total  energy  picture.  Thus, 
if  one  kind  of  energy  source  material  is  freed  from  use  in  electrical  power 
generation,  such  as  geothermal  substituting  for  natural  gas,  oil  or  coal,  the 
material  freed  is  available  for  use  elsewhere,  and  forces  can  be  set  in  motion 
to  appropriately  adjust  resource  materials  usage  throughout  the  regional  or 
national  energy  picture. 
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Primary  energy  consumption  is  considered  to  be  energy  needed  to  perform  a 
use  without  conversions  into  another  energy  form.  Electrical  energy  con- 
sumption, as  discussed  below,  is  here  considered  secondary  consumption  since 
it  is  the  conversion  product  of  another  form  of  energy,  i.e.,  coal,  oil, 
hydropower  or  radioactive  decay.  In  1970 , nearly  half  of  the  power  in  the 
electric  power  generation  sector  came  from  the  use  of  coal.  About  25  percent 
came  from  the  use  of  natural  gas  and  only  10  percent  from  oil.  The  remainder 
came  from  hydro,  nuclear  and  geothermal  plants.  If  substituted  for  all  the 
natural  gas,  there  would  be  a need  to  allocate  2 1/2  times  as  much  oil  as  is 
presently  used  for  the  power  generation  sector.  In  this  same  train  of  thought, 
if  coal  were  to  be  replaced  by  gas,  it  would  require  twice  as  much  gas  as  is 
presently  used  or  five  times  as  much  oil. 


The  ability  of  different  sources  of  energy  to  substitute  for  each  other  in 
power  generation  is  dependent  upon  cost,  plant  and  equipment  design,  geographic 
location  and  availability  of  fuel,  lead  time,  and  consideration  for  environ- 
ment. These  variables  will  be  discussed  separately  to  assess  the  effect  of 
each  on  the  substitution  of  one  energy  form  for  another. 

Electric  utilities  presently  consume  about  25  percent  of  the  Nation's  energy 
and  are  projected  to  increase  that  share  to  become  the  largest  consuming 
sector  by  1980.  (Dupree  and  West,  1972  — tril.  Btu  direct  energy  consumption) 


Sector  1971 1 1976  1980  1985  2000 


Household  & Commercial 14,281  15,935  17,500  1 8,960  21,920 

Industrial  20,294  22,850  24,840  27,520  39.300 

Transportation  16,971  19,070  22,840  27,090  42,610 

Electrical  Generation  17,443  22,410  29.970  40,390  80,380 

Synthetic  Gas . . . . - - 870  2>670  7<690 


• 68,989  80,265  96,020  116,630  191,900 


1 Actual 

Cost  - Economic  considerations  are  of  major  importance  in  considering  the 
ability  of  one  fuel  to  substitute  for  another • Although  technical 

feasibility  to  substitute  one  fuel  for  another  may  exist,  costs  may  prevent 
substitution.  Transportation  costs  of  western  low  sulfur  coal  to  the  East 
Coast,  for  example,  prevent  their  substitution  for  oil  and  gas  in  eastern 
boilers.  Although  higher  costs  can  be  passed  on  to  the  consumer,  it  is  pos- 
sible that  rising  coal  and  fuel  oil  prices  eliciting  greater  supplies  would 
not  allow  them  to  replace  natural  gas  if  price  alone  were  the  only  considera- 
tion in  substitutability.  Table  VJ-3  lists  average  electric  utility  fuel  costs 
for  years  1968,  1969  and  1970.  The  variance  of  the  Uranium  Costs  reflect 
the  nature  of  present  nuclear  plant  costs  since  the  fuel  is  continually  ex 
pending  energy,  even  during  plant  breakdown  or  low  demand  periods. 

Plant  and  Equipment  Design  — When  considering  substitutability  of  energy 
sources  as  related  to  electric  power  generation  for  the  short-term  we  cur- 
rently are  confined  to  substitutions  among  oil,  gas  and  coal.  Development  of 
geothermal  resources  could  have  considerable  potential,  particularly  on  a 
local  area  basis.  Nuclear  plants  require  lead  times  of  10-12  years  to  build 
and  cannot  be  converted  to  burn  fossil  fuels.  Geothermal  steam  equipment  is 
also  specialized,  consisting  of  low  pressure  turbines  unsatisfactory  for  con- 
version to  some  other  fuel  type.  Table  IV-4  projects  fuel  use  for  thermal 
power  generation  until  1990. 
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TABLE  IV- 3 


AVERAGE  ELECTRIC  UTILITY  FUEL  COSTS  * 

[As  Burned] 

(Cents  per  million  British  thermal  units  in  dollar  value  in  year  incurred) 


Nuclear  Uranium  Costs 
Per  Million  Btu,  Various 

Individual  Nuclear  Plants  **  Coal  Gas  Oil 


1968 

26.04, 

28.50 

25.5 

25.1 

32.8 

1969 

29.35, 

34.80 

26.6 

25.4 

31.9 

1970 

16.54, 

23.00, 

48.92 

31.1 

27.0 

36.6 

14.84, 

17.60, 

14.84 

1971 

33.02, 

21.10, 

19.93, 

19.30 

18.39, 

16.10, 

15.77, 

15.14, 

14.94 

* Fuel  and  Energy  Resources  Interior  and  Insular  Affairs  Hearings,  April 
1972. 


**  Due  to  a lack  of  consistent  data  from  all  nuclear  power  plants,  periodic 
core  replacements,  and  high  nuclear  plant  capital  costs,  these  figures 
are  subject  to  considerable  irregularity  between  different  nuclear  plants, 
and  the  same  plants  for  different  years.  Data  from:  FPC  Steam  Electric 

Plant  Construction  Costs  and  Annual  Production  Expenses.  FPC,  S-199,  1968; 
FPC,  S-209 , 1969;  FPC,  S-22,  1970;  FPC  S-230,  1971. 

Note : 

From  the  figures  in  the  tables  it  appears  that,  on  the  average,  coal 
fired  plants  may  be  crossing  the  break-even  lines  with  full  pollution 
control  equipment.  In  many  areas  of  the  country  they  will  not  be  as 
economic  as  nuclear  plants.  Nevertheless,  the  industry  expects  many  coal 
plants  to  be  built  because  of  the  shorter  lead  times  in  comparison  to 
nuclear  plants  and  because  there  is  judged  to  be  insufficient  capability 
to  plan,  engineer,  review,  approve  and  construct  significantly  more  nuclear 
capacity  than  is  presently  projected  for  1985. 
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TABLE  IV- 4 


Projected  Distribution  of  Fuel  Use  for  Thermal 
Power  Generation  1970-1990  If 

[Percent  of  Heat  Input] 


Fuel 


Year 


1970 

1980 

1990 

Coal 

...  54% 

41% 

30% 

Natural  gas 

14% 

8% 

Residual  fuel  oil... 

...  15% 

14% 

9% 

Nuclear 

31% 

53% 

Totals 

. . 100% 

100% 

100% 

1 / The  1970  National  Power  Survey,  Federal  Power  Commission, 
December  1971. 
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Although  nuclear  power  increasingly  will  substitute  for  fossil  fuels,  short- 
term substitutability  of  fuels  for  power  generation  is  limited  to  gas,  oil  and 
coal.  Most  boiler  fuel  power  plants  can  convert  from  coal  to  oil  with  a lead 
time  of  six  months  or  more  if:  (1)  the  equipment  is  available;  (2)  there  is 

room  in  the  plant  to  install  the  new  equipment;  (3)  enough  Btu’s  are 
generated  by  the  fuel  substitute  to  efficiently  heat  the  boiler;  (4)  ade- 
quate resources  are  available  to  warrant  changing  over  to  handle  new  fuels; 
and  (5)  it  is  economically  feasible. 

Many  eastern  power  plants  are  equipped  to  burn  both  oil  and  coal.  For  such 
plants  conversion  to  100%  coal  or  100%  oil  generally  involves  a matter  of 
1-2  weeks.  Many  other  plants,  however,  are  designed  to  run  only  on  coal. 

For  these  plants,  extensive  modifications  involving  six  months  to  a year 
are  necessary  to  make  the  conversions.  Table  IV-5  illustrates  the  trend 
in  new  generating  units  to  move  towards  steam  electric  units  with  high  substi- 
tutability of  fuels. 


TABLE  IV-5 


Types  of  New  Generating  Units  as  a Percent  of  Total  Annual  New  Capacity  in 
Contiguous  U.  S.,  Excluding  West,  South,  Central  and  Pacific  Regions  If 


1971 

1972 

1973 

1974 

1975 

All  conventional  steam-electric 

46.1 

49.2 

49.2 

59.2 

58.7 

units  (coal,  oil  and  gas) 

(Coal  fired  only) 

38.5 

39.5 

40.2 

39.5 

• 

43.6 

Nuclear 

26.7 

31.7 

38.6 

32.7 

35.2 

Other  (i.e.,  hydroelectric,  geo- 

27.2 

19.1 

12.2 

8.1 

6.1 

thermal) 

Total 

100.00 

100.00 

100.00 

100.0 

100.0 

With  environmental  concerns , the  trend 

has  been 

to  use 

oil  instead  of 

the 

higher  sulfur  producing  coals.  Plants  designed  for  all-coal  fuels  cannot 
readily  convert  to  use  oil  or  gas. 


1/  Steam  Electric  Power  Plant  Factor,  1971,  National  Coal  Association,  1972. 
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During  the  last  week  of  May,  the  FPC  Staff  released  a report  summarizing 
by  month  information  collected  via  Form  No.  423  in  regard  to  quantity,  cost 
and  quality  of  fossil  fuels  delivered  to  electric  utilities  in  the  fourth 
quarter  of  1972.  The  information  was  reported  by  267  electric  utilities 
for  744  steam-electric  plants  pursuant  to  FPC  Order  No.  453  (R-432),  issued 
6/7/72,  which  directed  submission  of  monthly  data  as  to  type  of  purchase, 
source,  quantity,  Btu,  sulfur  content,  ash  percent  and  unit  cost  of  fossil- 
fuels  received  by  each  electric  generating  plant  with  a capacity  of  25  mega 
watts  or  more  under  individual  contracts.  The  first  reporting  month  was 
July  1972.  If 

Comparing  data  on  fossil  fuel  deliveries  in  the  fourth  quarter  of  1972  with 
deliveries  in  the  third  quarter  of  1972  and  with  fossil  fuel  consumption  in 
the  fourth  quarter  of  1971,  the  report  called  attention  to  the  following 
major  trends:  (1)  a significant  decline  in  use  of  gas;  (2)  continuation  of 

a rapid  increase  in  deliveries  of  residual  oil;  and  (3)  a sudden  large  jump 
of  80%  in  deliveries  of  low  sulfur  residual  oil  over  third  quarter  deliveries. 

The  following  table  sets  forth  the  total  quantity  and  relative  proportion  of 
coal,  oil  and  gas  delivered  to  steam-electric  plants  in  the  third  and  fourth 
quarters  of  1973,  and  quantities  consumed  during  the  fourth  quarter  of  1971. 


Coal 

% of 

Quantity  Total 

(mil/ tons )£'  Btu 


Oil 

% of 

Quantity  Total 
(mil/bbls)— ' Btu 


Gas 

% of 

Quantity  Total 
(Bcf ) £J  Btu 


4th  Quarter  1971 
3rd  Quarter  1972 
4th  Quarter  1972 


79.7  53.6 

90.2  52.1 

87.7  55.5 


106.0  19.7 

111.4  17.2 

128.0  22.2 


861  26.'  7 

1,174  30.7 

771  22.3 


a / Includes 
b J Includes 
c / Includes 
SNG. 


all  types  of  coal  and  petroleum  coke. 

residual  oils  (# 4,  #5  and  #6),  distillate  oil  and  crude  oil. 
natural  gas,  refinery  gas,  blast  furnace  gas,  coke  over  gas  and 


(Source : 


Foster  Associates  Report  No. 


900,  July  14,  1973) 


1/  In  the  future,  the  FPC  intends  to  issue  monthly  news  releases  on  the  Form 
“ 423  data,  with  the  first  covering  July  1972,  and  others  to  be  released  y 

thereafter  until  they  are  up-to-date. 
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Below  are  Federal  Power  Commission  projections  of  the  total  requirements  for 
the  three  most  substitutable  fuel  sources  in  electric  power  generation. 


Figure  IV-1 

ESTIMATED  ANNUAL  FOSSIL  FUEL 
REQUIREMENTS  FOR  ELECTRIC  UTILITY 
GENERATION 


Geographic  Locations  and  Availability  - In  some  locations  one  energy  source 
is  easily  adaptable  and  more  preferable  than  another.  For  example,  it  is  not 
likely  that  a fossil  fuel  plant  would  be  built  at  Geysers,  California  where 
geothermal  steam  has  been  developed.  Availability  of  low  cost  coal  in  "coal 
competitive"  areas  often  is  a function  of  transportation  costs.  Table  IV-6 
illustrates  the  substitutability  of  fuels  in  relation  to  location  and  trans- 
portation costs.  The  capacity  of  a transportation  system  is  rated  by  its  volume 
capacity;  secondly,  its  capacity  to  produce  10^-2  gtu  in  a day  (a  10^  Btu/day), 
and  finally,  transportation  costs  in  cents  per  million  Btu  per  100  miles.  For 
example,  a 1,000  million  standard  cubic  feet  per  day  (MMscf/d)  capacity  gas 
pipeline  has  a capacity  to  produce  1.10^  Btu  per  day  and  would  cost  1.5  cents 
per  million  Btu  over  each  100  miles. 
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TABLE  IV-6 


COMPARISON  OF  ENERGY  TRANSPORTATION  COSTS  1/ 


Capacity 

Capacity  in 
1012  Btu/Day 

Cents /Million 
Btu/100  Miles 

Pipeline  - Gas 

1,000  - 5,000  MMscf/d 

1-5 

1.5-2 

Pipeline  - LNG 

500  - 1,500  MMscf/d 

0.5 

1.5-3 

Pipeline  - Oil 

300,000  - 1,200,000  bbls/d 

20  - 75 

0.3-0. 8 

Pipeline  - Coal 

3-15  million  tons/yr 

0.2  - 1 

1. 3-3.8 

Barge  - Coal 

900  - 1,400  tons/barge 

— 

1.2-1. 7 

Tanker  - Oil 

100  - 300  thousand  DW  tons 

— 

0.5 

Rail  - Coal 

70  - 100  tons  per  car 

— 

4-6 

Unit  Train  - Coal 

3 million  tons/yr 

0.2 

2.5 

Highway  - Coal 

10  - 20  tons/truckload 

— 

9-18 

Electric 

600  - 1,000  MW 

0.1 

7-14 

Substitutions  of 

one  form  of  energy  for  another  by  producing  power 

from  coal, 

for  example,  at  mine  mouth  coal-electric  plants  and  sending  the  power  across 
the  country  to  substitute  for  hydroelectric  power  in  New  England,  is  a function 
of  distance  which  would  be  subject  to  high  transportation  costs.  In  this 
example,  producing  power  from  a locally  cheap  and  abundant  fuel  and  sending  it 
long  distances  might  not  constitute  an  economic  substitute  due  to  high  electrical 
transmission  costs.  Although  direct  current  transmission  is  cheaper,  it  is  not 
yet  widely  accepted.  It  involves  some  efficiency  loss  in  conversion  to  AC. 


1/  The  1970  National  Power  Survey,  Federal  Power  Commission,  December  1971 
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Therefore,  substitutability  would  be  heavily  affected  by  geographic 
locations  and  the  nature  of  fuel  sources  close  enough  to  allow  economic 
transportation  to  the  point  of  use. 

Lead  Time  vs . Changeover  Time  - Lead  time  and  changeover  time  are  import- 
ant in  considerations  of  whether  one  energy  source  can  replace  another. 
Fuel  substitution  in  existing  plants  involves  changeover  time  during  which 
production  would  cease  to  exist  for  a particular  unit.  Lead  time  is  the 
time  lapse  between  any  initial  action  to  obtain  new  energy  production  and 
the  resulting  new  production.  Long  changeover  times  could  prevent  sub- 
stitutions if  high  demand  required  a power  unit  to  stay  in  production. 
Table  IV-7  and  Table  IV-8  list  examples  of  changeover  times  and  lead  times 
projected  from  the  time  there  is  a decision  to  proceed  until  production 
comes  on  line. 

Such  conversions  are  not  necessarily  reversible.  After  being  idle  for 
long  periods  of  time,  deteriorated  equipment  cannot  always  be  reused. 

In  addition,  changing  price  structures  of  fuels  and  environmental  con- 
siderations such  as  the  amount  of  sulfur  in  the  fuel  add  to  the  diffi- 
culties inherent  in  any  decision  for  changeover  in  fuels.  In  1973, 

impending  oil  and  gas  shortages  may  be  preventing  the  option  of  wholesale 
conversion  to  these  fuels. 

Environmental  Considerations  - Environmental  considerations  are  becoming 
increasingly  important  in  considering  fuel  substitutability.  As  shown 
in  Table  IV-9,  power  plants  were  responsible  for  about  12  percent  of  the 
estimated  nationwide  total  pollutants  in  1968,  although  they  were  the 
largest  contributor  of  sulfur  oxides  to  the  air. 
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TABLE  IV- 7 


CHANGEOVER  TIME  REQUIREMENTS 

Change 

to 

From 

Plant 

Interrupted  time 

Boiler 

Fossil  Fuel 

Plants 

All 

Oil 

Coal 

coal-oil  plant 

1-2  weeks 

All 

Coal 

Oil 

coal-oil  plant 

1-2  weeks 

All 

Oil 

Coal 

all  coal  plant 

6 mo.  - 1 yr. 

All 

Coal 

Oil 

all  oil  plant 

6 mo« . - 1 yr . 

All 

Ga,s 

Coal 

coal-oil  plant 

1 - 6 mo. 

All 

Gas 

Coal 

all  coal  plant 

6 mo.  - 1 yr. 

Non-Boiler  Fuel  Plants 

Coal 

Gas 

Gas-diesel  combustion 
turbine  plants 

No  conversions 

TABLE  IV- 8 

LEAD  TIME  REQUIREMENTS 

New  Construction  of 
Boiler  Fossil  Fuel  Plants 
Gas-Diesel  Turbine  Plants 
Nuclear  Plants 

Pump  Storage  Hydro  Load  Leveler  Plants 


Time 

5-6  yrs. 

4- 6  yrs. 

10  - 12  yrs. 

5- 6  yrs. 
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TABLE  IV-g 


Estimated  Nationwide  Discharges  of  Airborne  Pollutants  1968  1 J 

(Million  tons  per  year) 


Carbon  Part.  Sulfur  Hydro-  Nitrogen 


Monoxide 

Matter 

Oxides 

Carbons 

Oxides 

Total 

Power  plants 

Other  fuel  combustion  in 

0.1 

5.6 

16.8 

Neg. 

4.0 

26.5 

stationary  sources 

1.8 

3.3 

7.6 

0.7 

6.0 

19.4 

Transportation 

63.8 

1.2 

0.8 

16.6 

8.1 

90.5 

Industrial  processes 

9.7 

7.5 

7.3 

4.6 

0.2 

29.3 

Solid  waste  disposal 

7.9 

1.1 

0.1 

1.6 

0.6 

11.2 

Miscellaneous 

16.9 

9.6 

0.6 

8.5 

1.7 

37.3 

Totals 

100.2 

28.3 

33.2 

32.0 

20.6 

214.2 

1 / National  Air  pollution  Control  Administration 
Environmental  Protection  Agency) . 

(now  Air 

Pollution 

Control 

Office, 

Note:  Sulfur  oxides  expressed  as  tons 

tons  of  nitrogen  dioxide. 

of  sulfur 

dioxide 

and  nitrogen  oxides 

as 
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New  environmental  legislation  to  limit  power  plant  intake  fuel  to 
0.7  percent  sulfur  would  greatly  reduce  eastern  air  pollution,  but  many 
plants  now  using  2.5  percent  sulfur  fuel  would  be  forced  to  make  sub- 
stitutions to  a lower  sulfur  fuel,  if  available,  or  in  some  cases  abandon 
operations  entirely.  Mine  mouth  plants  in  remote  eastern  areas  are  an 
example,  since  they  are  faced  with  the  geographic  dilemma  of  high  trans- 
portation costs  as  a result  of  transmission  distance,  diminishing  supplies 
of  oil  and  gas  at  increasing  prices  and  a changeover  time  to  six  months 
to  a year  to  make  a conversion. 

The  fuel  requirements  shown  in  Figure  IV-1  can  also  be  correlated  with 
projected  future  distributions  in  generating  capacity,  shown  in  Table  IV-10 
which  demonstrate  the  percent  contribution  to  the  total  energy  capacity 
of  various  energy  sources  up  to  the  year  1990. 

Since  substitutability  for  practical  short-term  purposes  generally  is 
limited  to  fossil  fuels  in  the  power  producing  sector  (presently  ac- 
counting for  over  70  percent  of  generation  capacity)  it  deserves  atten- 
tion in  the  study  of  the  energy  problem.  Geothermal  resource  development 
could  offer  an  additional  source  for  electrical  energy  generation  in  the 
western  states. 

Power  Concentration  in  Western  States  - The  1970  energy  consumption  by 
electric  utilities  within  PAD  District  V 1_ / is  estimated  to  be  2,705  tril- 
lion Btu  (NPC,1971)  of  which  roughly  800  trillion  Btu  will  reappear  for 
electrical  distribution.  This  is  expected  to  grow  to  5,477  trillion  Btu 
consumption  by  electric  utilities  by  1980,  of  which  some  1,600  trillion  Btu 
would  reappear  for  electrical  distribution.  When  the  projected  1,000  to 
2,000  MW  capacity  of  The  Geysers  field  is  expressed  in  Btu  (27  to  54  tril- 
lion Btu),  it  can  be  seen  that  as  of  1980,  geothermal  generation  will  com- 
prise only  1.7  to  3.4  percent  of  the  total  regional  needs  for  PAD  District  V. 

Forecasting  the  potential  for  geothermal  power  development  is  uncertain 
at  best  because  such  development  depends  largely  on  unknown  factors, 
principally  those  concerning  the  availability  and  extent  of  geothermal 
reservoirs,  the  cost  of  winning  steam  and  generating  power  from  hot  water 
systems,  and  the  future  costs  of  competing  methods  of  generating  power. 
Accordingly,  in  order  to  put  the  alternatives  in  proper  perspective,  this 
report  will  consider  three  rather  subjective  levels  of  geothermal  capacity 
for  the  electric-power  market:  (1)  a present  capacity  of  298  megawatts  (MW) 

all  located  on  non-Federal  lands  in  The  Geysers  field  in  Sonoma  and  Lake 
Counties,  California;  (2)  a probable  ultimate  development  in  The  Geysers 
area  ranging  from  1,000  to  2,000  MW  depending  upon  future  exploration 
results  and  involving  mainly  private  land,  but  including  about  10  to  15 
percent  Federal  ownership  (similar  potentials  in  the  1,000  to  2,000  MW 


If  Petroleum  Administration  for  Defense  District  V comprises  the  states 
of  Arizona,  California,  Nevada,  Oregon,  Washington,  Alaska  and  Hawaii. 
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TABLE  IV- 10 


FUTURE  DISTRIBUTIONS  IN  GENERATING  CAPACITY  1/ 


Percent 

of  Total  Capacity  2/ 

In 

Type  End 

Service 

1970 

-1980 

1980-1990 

1970 

Additions 

During 

Period 

In 

End 

Service 

1980 

Additions  In 

During 
Period 

Service 

1990 

Hydraulic 

Hydroelectric 

15 

5 

10 

2 

7 

Pumped  storage 

1 

7 

4 

7 

6 

Sub-totals  (rounded) 

16% 

11% 

14% 

9% 

12% 

Thermal 

Steam-electric 

Fossil-fuel-f ired 

77 

45 

59 

34 

44 

Nuclear 

2 

40 

22 

53 

40 

Gas  turbine  & diesel 

6 

3 

5 

3 

4 

Sub-totals  (rounded) 

84% 

89% 

86% 

91% 

88% 

Total 

100% 

100% 

100% 

100% 

100% 

1/  The  1970  National  Power 

Survey 

, Federal 

Power 

Commission 

, December,  1971 

• 

2J  Since  different  types  of  plants  are  operated  at  different  capacity  factors, 
this  capacity  breakdown  is  not  directly  representative  of  share  of  kilowatt- 
hour  production.  For  example,  since  nuclear  plants  are  customarily  used  in 
base-load  service  and  therefore  operate  at  comparatively  high  capacity  factors, 
nuclear  power’s  contribution  to  total  electricity  production  would  be  higher 
than  its  capacity  share. 
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range  may  be  possible  in  othej;  are^s,  such,  as  the  Mono  Lake-Long  Valley 
area,  so  this  is  a representative  capacity  relative  to  other  power  gene- 
ration sources  for  consideration  of  alternatives) ; and  (3)  the  development 
of  7,000  to  20,000  MW  capacity  by  1985,  as  recently  projected  by  the  New 
Energy  Forms  Task  Group  of  the  National  Petroleum  Council  Committee  on  U.S. 
Energy  Outlook  (National  Petroleum  Council,  1972).  The  7,000  MW  projection 
by  the  National  Petroleum  Council  assumes  present  steam  turbine  technology, 
whereas  the  20,000  MW  projection  assumes  development  of  a dual  fluid  ex- 
change system  utilizing  a low  boiling  point  fluid  such  as  freon  or  isobutane 
to  drive  the  turbine. 

Examination  of  the  potential  for  geothermal  development  on  the  public  lands 
(Godwin  and  others,  1971)  indicates  that  such  potential  is  limited  generally 
to  the  western  states.  Furthermore,  commercial  interest  in  development  is 
largely  restricted  to  California  and  Nevada,  and  to  Oregon  and  Washington 
to  a lesser  degree.  Thus,  the  role  of  geothermal  development  in  helping  to 
meet  national  energy  needs  and  its  relationship  to  alternative  means  of 
supplying  energy  is  discussed  primarily  in  the  context  of  the  West  Region 
as  defined  by  the  Federal  Power  Commission,  which  includes  the  areas  of 
Federal  lands.  \j  Table  IV-11  presents  projections  of  electric 
power  demand  and  fuel  use  in  the  West  Region  for  several  periods  through 
1990. 

Consideration  of  alternatives  to  the  three  levels  of  generating  capacity 
described  above  indicates  the  following:  If  the  present  298  MW  capacity  at 

The  Geysers  field  were  removed  from  the  Pacific  Gas  and  Electric  system,  the 
company  would  be  obliged  to  replace  this  with  comparable  generating  capacity 
of  a different  form.  Under  present  economic  constraints,  this  would  require 
increasing  capacity  by  298  MW  at  existing  plants  by  decreasing  reserve 
capacity,  or  by  providing  new  generating  capacity  in  that  amount,  probably 
by  an  addition  to  existing  facilities.  Such  additional  capacity  would  most 
likely  take  the  form  of  coal  or  oil  and  gas  fueled  steam  generation.  The 
location  and  specific  environmental  impact  of  the  substitute  generating 
capacity  are  indeterminate  as  they  would  depend  upon  management  decisions  by 
private  companies  which  will  not  have  to  be  made  since  The  Geysers  fields 
are  in  production. 

If  the  estimated  level  of  1,000  to  2,000  MW  is  not  achieved  by  development 
at  The  Geysers  field,  the  Pacific  Gas  and  Electric  Company  would  be  obliged 
to  generate  the  equivalent  power  by  other  means.  This  level  of  power  gene- 
ration would  most  likely  require  new  construction  of  oil-fired  or  nuclear 
generating  capacity  (one  or  two  plants).  With  either  source,  capacity  in 
the  range  of  1,000  to  2,000  MW  could  be  provided  at  a single  plant  with  ac- 
companying environmental  impact.  As  in  the  previous  case,  the  location  of, 
and  the  specific  type  and  severity  of,  environmental  impact  are  indeterminate, 
depending  upon  future  management  decisions. 


1/  The  states  of  California,  Oregon,  Washington,  Nevada,  Idaho,  Utah, 
Colorado,  Arizona,  New  Mexico,  and  parts  of  Texas,  Oklahoma,  Kansas, 
Nebraska,  Wyoming  and  Montana;  essentially  the  Mountain  and  Pacific 
states. 
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The  higher  estimate  of  7,000  to  20,000  MW  capacity  envisioned  for  ultimate 
geothermal  development  entails  a larger  area  and  additional  options  for  con- 
sideration. The  West  Region,  where  the  principal  geothermal  development  is 
expected,  includes  the  Lower  Colorado  River  basin,  which  is  the  site  of  several 
large  coal-fired  steam  electric  plants.  Several  of  the  existing  plants  and 
projected  new  plants  feed  power  into  the  power  network  that  serves  southern 
California  and  have  interties  to  other  parts  of  the  west  that  are  considered 
likely  sites  for  geothermal  power  development  and  marketing.  Thus,  at  this 
level  of  development,  coal-fired  steam  generation  is  a viable  alternative  to 
geothermal  power.  The  same  level  of  generation  could  be  met  by  construction 
of  additional  oil-fired  or  nuclear  plants  closer  to  the  power  markets  in- 
volved. In  any  event,  the  7,000  to  20,000  MW  capacity  is  well  within  esti- 
mated growth  of  electric  demand  in  the  West  Region  through  1990  and,  if  geo- 
thermal development  is  not  realized,  the  equivalent  requirement  will  have  to 
be  met  by  other  forms  of  power  generation.  New  plants  under  construction, 
particularly  coal  and  nuclear,  commonly  are  designed  for  about  2,000  MW  capa- 
city, so  4 to  10  such  plants  could  be  substituted  for  the  estimated  7,000  to 
20,000  MW  potential  geothermal  development. 

The  following  sections  discuss  the  various  energy  sources  which  could  substi- 
tute for  geothermal  power  and  their  potential  environmental  impacts  with  par- 
ticular reference  to  the  West  Region.  The  discussions  primarily  focus  on 
electric  power  generation  alternatives  since  this  is  the  form  of  major  geo- 
thermal use  anticipated  at  this  time  in  terms  of  resource  location  relative 
to  use  centers,  technology  and  economic  feasibility.  Geothermal  resources 
also  have  the  potential  for  use  for  heating  and  air  conditioning  of  buildings 
and  other  uses  which  otherwise  would  require  electrical  energy  derived  from 
other  sources  such  as  fossil  or  nuclear  fuels,  or  the  direct  use  of  natural 
gas,  oil  or  coal.  However,  the  potential  for  such  uses  within  the  near  future 

is  restricted,  primarily  because  of  limitations  associated  with  economically 
moving  large  volumes  of  steam  or  hot  liquids  over  long  distances  and  the  phy- 
sical facilities  required  for  their  use.  In  the  event  that  significant  appli- 
cations of  this  nature  should  materialize,  they  could  offset  a like  amount  of 
energy  from  other  sources.  If  this  were  electrical  energy,  the  environmental 
impacts  would  be  similar  to  those  reflected  herein.  If  they  offset  other 
energy  forms,  the  environmental  impacts  would  be  those  associated  with  the 
production  and  use  of  comparable  energy  values. 

Additional  analysis  and  discussion  of  electrical  energy  alternatives  is  pro- 
vided in  the  Council  of  Environmental  Quality’s  August  1973  report  Energy 
and  the  Environment,  Electric  Power.  This  report  considers  the  elements 
underlying  the  growing  demand  for  energy  and  the  environmental  implications 
of  the  complex  energy  systems  needed  for  meeting  demand.  It  analyzes  each 
energy  system's  efficiency,  costs,  and  environmental  impacts  as  a totality 
and  for  projecting  the  impacts  of  various  mixes  of  these  systems. 
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a.  Coal 


Coal  is  the  Nation’s  most  abundant  fossil  fuel,  representing  94  percent  of 
"identified"  recoverable  primary  energy  resources,  as  compared  to  3 percent 
each  for  natural  gas  (dry)  and  oil  (including  natural  gas  liquids)  (Averitt, 
1969).  Coal  underlies  458,600  square  miles  in  37  states.  Of  the  remaining 
coal  resources,  estimated  as  of  January  1,  1967,  to  total  more  than  3,200 
billion  short  tons,  over  2,800  billion  tons  are  at  depths  of  less  than  3,000 
feet,  of  which  over  1,500  billion  tons  have  been  identified  by  mapping  and 
exploration  , with  1,600  billion  tons  estimated  to  be  at  less  than  1,000 
feet  below  the  surface  (Interior,  1972).  About  390  billion  short  tons  are 
commercially  recoverable  under  present  economic  conditions  and  mining  tech- 
nology. 

Currently,  coal  provides  about  20  percent  of  the  total  U.S.  energy  consumption, 
down  very  markedly  from  earlier  years  when  it  provided  most  (78  percent  in 
1920)  of  the  Nation's  energy.  Its  largest  market  is  power  generation  which 
accounts  for  61  percent  of  the  total  U.S.  coal  production  of  about  610  million 
short  tons  in  1970.  Coal  for  coke  production  consumes  about  18  percent  and 
the  balance,  exceeding  100  million  tons,  is  used  for  manufacturing,  general 
commercial  purposes  and  space  heating  - markets  that  have  been  declining 
steadily  in  recent  years. 

Many  important  technologic,  economic  and  social  factors  will  influence  coal’s 
future  capabilities.  Among  these  are  the  adequacy  of  mining  capacity,  to 
which  new  additions  have  been  discouraged  by  uncertainties  as  to  the  timing 
and  extent  of  increased  nuclear  power  generation  and  of  utility  commitments 
thereto;  oil  imports;  and  environmental  problems,  including  air  and  water 
pollution,  land  reclamation  and  uncertainties  as  to  legislative  curtailments 
of  strip  mining.  Other  important  considerations  include  more  stringent  health 
and  safety  regulations  that  have  resulted  in  a reduction  in  the  number  of 
underground  mines,  a loss  in  mine  productivity,  increased  costs  at  underground 
mines  in  order  to  provide  an  acceptable  working  environment ; and  increases 
in  the  number  and  production  of  surface  mines.  In  addition,  mechanization  in 
mining  already  has  reached  such  high  levels  (97  percent  of  underground  pro- 
duction mechanically  loaded  in  1970,  40.5  percent  of  total  production  mined 
by  stripping,  and  3.3  percent  by  auger  mining)  that  further  major  advances 
in  mechanization  are  unlikely. 
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The  expanded  use  of  coal  power  generation  could  be  a viable  alternative  to 
the  development  of  geothermal  resource.  Major  limiting  considerations  are 
those  associated  with  the  extent  to  which  it  can  substitute  for  other  energy 
sources  and  the  solving  of  problems  associated  with  the  meeting  of  air  quality 
standards.  The  latter  would  be  of  minor  significance  in  the  West  where  most 
coals  are  of  low  sulfur  content. 

The  sulfur  content  of  U.S.  coals  ranges  from  0.5  to  over  7 percent.  About 
65  percent  contain  1.0  percent  or  less,  most  of  which  are  found  in  the 
western  states,  far  removed  from  the  area  of  the  current  major  demand  and 
use  (The  Midwest  and  the  East). 

Most  current  production  is  in  states  east  of  the  Mississippi  River,  where 
only  20  percent  of  the  reserves  (including  100  billion  tons  of  bituminous  coal) 
contain  1.0  percent  or  less  sulfur,  while  43  percent  contain  more  than  3.0 
percent  sulfur.  Sulfur  oxides  are  emitted  to  the  atmosphere  in  direct  propor- 
tion to  the  sulfur  content  of  the  coal  feedstock. 

Recent  environmental  regulations  applicable  to  new  electric  generating  faci- 
lities restrict  the  emission  of  sulfur  dioxide  to  1.2  pounds  per  million  Btu 
of  fuel  as  fired;  for  bituminous  coal,  this  is  equivalent  to  about  0.7  per- 
cent sulfur.  It  is  necessary,  therefore,  to  reduce  the  sulfur  content  of  the 
coal  prior  to  burning  or  to  remove  sulfur  oxides  from  stack  gases  following 
combustion  in  order  that  coal  may  continue  to  be  used  for  power  generation  in 
most  areas. 

Mechanical  cleaning  of  raw  coal  is  only  a partial  solution  to  the  problem, 
since  only  a small  fraction  of  high  sulphur  coals  can  be  cleaned  sufficiently  to 
meet  sulfur  standards.  Mechanical  cleaning  affects  only  pyritic  sulfur  and 
leaves  untouched  the  40  to  60  percent  of  the  sulfur  that  is  bound  in  the 
organic  structure  of  the  coal.  In  addition,  freeing  the  small  particles  in 
which  pyrites  occur  requires  fine  grinding .prior  to  cleaning,  which  in  turn 
adversely  affects  the  cleaning  efficiency  and  restricts  the  methods  of 
cleaning  that  can  be  applied.  Tests  of  some  322  coals  representing  most  of 
the  steam  coals  produced  in  eastern  United  States  showed  that,  under  optimum 
conditions  and  present  technology,  less  than  20  percent  of  these  coals  could 
be  cleaned  to  0.7  percent  sulfur  prior  to  combustion  (Bureau  of  Mines). 

The  status  of  technology  for  abatement  and  control  of  sulfur  oxides  in  com- 
bustion gas  was  recently  reviewed  by  the  National  Academy  of  Engineers,  National 
Research  Council,  whose  report  concluded  that  in  early  1970  "...commercially 
proven  technology  for  control  of  sulfur  oxides  from  combustion  processes 
does  not  exist."  A number  of  systems  are  either  being  installed  or  operated 
at  the  present  time  on  commercial  plants,  however,  to  determine  the  opera- 
tional and  economic  feasibilities  of  the  processes. 

An  abundant  supply  of  low-sulfur  bituminous  and  sub-bituminous  coal  and 
lignite  occurring  in  the  West  Region  could  be. a substitutable  alternative  for 
geothermal  energy.  Much  of  the  coal  resources  lie  in,  or  adjacent  to,  the 
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West  Region  and  could  serve  as  a source  for  electrical  energy  production  for 
this  area,  either  by  transportation  of  the  coal  to  powerplants  or  by  trans- 
mission of  electrical  energy  from  mine-mouth  powerplants. 

Reserves  of  low-sulfur  coal  in  the  Rocky  Mountain  States  were  estimated  to  be 
874  billion  short  tons  as  of  January  1967  (Averitt,  1969,  p.  33);  188  billion 

short  tons  are  in  beds  usually  10  or  more  feet  thick  and  less  than  1,000  feet 

below  the  surface.  The  recoverable  resources  are  about  444  billion  short  tons 
to  a depth  of  3,000  feet,  with  94  billion  short  tons  situated  at  depths  of 

1.000  feet  or  less.  Approximately  45  billion  short  tons  of  the  recoverable 

resources  could  be  extracted  by  open  pit  mining  methods.  At  present,  a very 

large  open  pit  coal  mine  may  produce  5 million  short  tons  of  coal  per  year. 

Very  large  underground  mines  may  produce  2 million  short  tons  per  year  per 
mine. 

If  coal  were  to  be  used  as  a substitute  for  geothermal  energy  in  the  generation 
of  electric  power,  it  is  estimated  that  an  additional  1,000  tons  of  coal  per 
day  would  be  required  to  replace  each  100  MW  of  geothermal  generating  capacity. 
The  existing  298  MW  Geysers  generating  capacity  would  be  equivalent  to  ap- 
proximately 3,000  tons  of  coal  per  day.  An  equivalent  production  level  could 
be  reached  by  expanding  existing  coal-fired  powerplants  in  the  West  Region. 

An  estimated  10,000  to  21,000  tons  of  coal  per  day  would  be  required  to  re- 
place the  1,000  or  2,000  MW  power  potential  of  The  Geysers  and  an  estimated 

72.000  to  206,000  tons  of  coal  per  day  would  be  required  to  replace  the  esti- 
mated ultimate  geothermal  potential  of  7,000  to  20,000  MW.  The  replacement 
impact  of  coal-fired  power  plants  would  thus  range  from  a modest  scale-up  of 
existing  facilities  to  the  development  of  35  to  40  large  underground  coal  mines 
or  15  very  large  surface  coal  mines  or  a combination  of  both  types  of  mining. 
Associated  powerplants  to  convert  up  to  75  million  tons  of  coal  per  year  to 
electrical  energy  necessary  to  meet  the  20,000  MW  geothermal  potential  also 
would  have  to  be  constructed.  Coal  production  of  this  magnitude  could  have  a 
significant  impact  on  the  environment.  For  example,  if  such  volumes  were  to 

be  produced  by  surface  mining  methods,  the  estimated  areas  that  would  be 
disturbed  annually  at  alternative  geothermal  power  level  could  be: 


Coal  Bed 
Thickness 
(ft.) 

Millions  of  Tons  of  Coal 
Available  Per  Sq.  Mile  @ 80% 
Recovery  (1800  ton/acre  ft.) 

1,000 

Annual  Areas 
MW  2,000  MW 

Disturbed 
7,000  MW 

(Acres) 

20,000  MW 

10 

9.2 

256 

525 

1,811 

5,216 

20 

18.4 

128 

262 

902 

2,611 

30 

27.6 

83 

173 

602 

1,741 

40 

36.1 

64 

134 

461 

1,331 

50 

46.1 

51 

102 

358 

1,043 
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In  addition  to  the  environmental  impacts  of  coal  production,  there  are  the 
health  and  safety  considerations  relating  to  underground  and  surface  coal 
miners.  During  1971,  there  were  149  fatal  accidents  in  the  Nation's  under- 
ground coal  mines  and  25  fatal  accidents  in  surface  coal  mines.  Although 
surface  mining  has  less  impact  on  the  health  and  safety  of  the  mine  workers, 
surface  mining  may  result  in  a greater  environmental  impact  than  underground 
mining.  Possible  trade-off  between  health  and  safety  considerations  and 
environmental  impacts  must  be  carefully  weighed  in  determining  whether  sur- 
face or  underground  mining  is  more  or  less  desirable. 

It  is  not  possible  to  define  all  of  the  environmental  impacts  that  increased 
coal  production  may  have  without  specific  site  locations  and  information  on 
the  interactions  between  powerplants,  air  and  water  quality;  however  it  is 
possible  to  point  out  the  general  environmental  considerations  of  increased 
coal  production  and  utilization. 

(1)  Underground  Mining 

Subsidence  of  the  ground  surface  is  common  above  many  abandoned  and  some 
active  coal  mines.  The  amount  of  subsidence  relates  to  the  mining  method 
employed,  the  amount  of  coal  removed,  the  thickness  of  the  coal  bed,  and  the 
composition  and  strength  of  rocks  overlying  the  coal.  Subsidence  of  large 
areas  may  destroy  manmade  structures,  disrupt  the  ground  water  flow  regime, 
cut  off  surface  and  sub-surface  water  recharge,  adversely  affect  the  quality 
of  underground  and  surface  waters,  redirect  the  planned  drainage  of  a mine, 
disrupt  surface  drainage,  and  in  periods  of  heavy  rainfall  localize  flooding. 
It  also  causes  landslides  and  minor  earthquakes  in  some  localities. 

If  a room  and  pillar  mining  system  is  used,  the  most  successful  method  of 
preventing  or  alleviating  surface  subsidence  problems  is  to  plan  mining  so 
that  more  pillars  are  left  untouched.  Unfortunately,  this  procedure  re- 
sults in  less  coal  recovery.  Much  additional  research  is  needed  to  develop 
methods  of  underground  mining  which  will  minimize  subsidence  of  the  surface. 

Ground  and  surface  waters  entering  active  underground  mine  workings  are 
normally  pumped  to  the  surface  for  disposal.  Because  of  the  low  sulfur 
content  of  most  western  coals,  it  is  uncertain  whether  acid-mine  water 
would  be  a problem  in  areas  of  large-scale  mining  having  an  above-averaee 
annual  precipitation.  If  acid-mine  water  problems  should  develop,  it 
is  likely  that  the  modem  treatment  methods  employed  in  the  coal  fields  of 
the  eastern  United  States  could  be  implemented  to  abate  acid  water  impacts. 
The  large  volumes  of  sludge  resulting  from  such  treatment  could  be  emplaced 
either  in  abandoned  mine  workings  or  in  protected  surface  mine  waste  disposal 
areas . Commonly,  acid-mine  water  drains  from  abandoned  mines  and  workings . 
This  type  of  effluent  discharge  can  be  prevented  by  locating  mine  entries  at 
elevations  above  the  prevailing  drainage  level  by  sealing  abandoned  under- 
ground entries  and  by  emplacing  dams  at  critical  points  in  abandoned  under- 
ground entries  and  haulageways. 
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In  most  coal  producing  areas,  mining  and  processing  wastes  contribute 
large  volumes  of  sediment  to  nearby  streams,  are  sources  of  acid 
drainage  and,  where  waste  piles  are  burning,  are  sources  of  air 
pollution.  The  most  commonly  used  technique  of  preventing  widespread 
scattering  of  mining  and  processing  wastes  is  to  compact  the  waste 
in  layers,  seal  it  with  incombustible  soil,  and  establish  vegeta- 
tion to  prevent  infiltration  of  surface  water  and  minimize  ero- 
sion. 

An  alternative  to  surface  disposal  of  mine  and  coal  processing  waste 
is  to  return  it  to  abandoned  underground  mine  workings.  This  is 
currently  being  done  to  control  surface  subsidence  in  mined  areas  in 
the  Eastern  States  in  compliance  with  restoration  provisions  of  the 
Appalachian  Regional  Development  Act  of  1965,  as  amended.  (Kenahan 
and  Flint,  Bu.  Mines  I.C.  8529,  p.  24) 

Dust  from  mine  access  roads,  coal  handling,  and  processing  can  be 
alleviated.  Road  dust  can  be  minimized  by  hard  surfacing,  or  through 
abatement  techniques,  such  as  oiling  or  chemical  treatment  of  the  road 
surface.  Dust  from  coal  handling  and  processing  can  be  abated  by 
spray  treatment  at  transfer  points  and  by  enclosing  coal  handling 
and  processing  structures.  Dusting  problems  in  live  coal  storage 
piles  can  be  reduced  by  water  sprays  or  oiling;  dead  storage  piles 
can  be  sealed  with  asphaltic  or  chemical  materials. 

Underground  mining  results  in  less  noticeable  noise  and  vibration 
than  surface  mining,  and  the  surface  environmental  effects  from 
drilling,  blasting,  and  spills  and  leaks  are  minimal.  Also  modifica- 
tions of  the  habitat  and  alteration  of  ground  cover  and  surface 
drainage  systems  would  occur  only  in  a limited  sense. 

Most  pollution  sources  can  be  eliminated  by  sealing  and  revegetating 
waste  disposal  areas;  sealing  abandoned  mine  openings;  dismantling 
and  removing  abandoned  mine  buildings  and  structures;  and  scoring, 
fertilizing,  and  revegetating  areas  formerly  occupied  by  buildings 
and  structures,  mine  roads,  and  supply  storage  areas.  Consideration 
should  also  be  given  to  flushing  all  wastes  and  plant  refuse  into 
underground  mine  voids  to  remove  sources  of  surface  pollutants  and  to 
reduce  possible  surface  subsidence.  Such  flushing  of  wastes  could 
have  either  beneficial  or  detrimental  effects  on  the  ground  water 
flow  and  surface  drainage,  depending  upon  local  conditions. 

(2)  Surface  Mining 

Open  pit  mining  disturbs  considerably  more  surface  acreage  than  under- 
ground mining.  Underground  mining  operations,  however,  because  of 
lower  recovery  per  unit  of  area,  actually  disturb  more  acreage  in 
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three  dimensions  than  an  open  pit  mine  producing  a similar  tonnage. 

The  full  magnitude  of  underground  disturbances  generally  are  not 
understood  by  the  public.  As  of  1967,  it  is  reported  that  open 
pit  coal  mines  were  responsible  for  41  percent  of  the  land 
disturbed  by  surface  mining  in  the  United  States  (U.S.  Department  of 
the  Interior,  1967,  p.  53-54). 

Climatic  conditions  are  extremely  important  in  considering  the  reha- 
bilitation, reseeding  and  revegetation  of  mined  lands.  Obviously,  without 
proper  moisture,  the  reseeding  of  reclaimed  lands  would  serve  little  pur- 
pose and  erosion  processes  would  soon  destroy  the  contour  of  the  rehabili- 
tated lands. 

Disruption  of  the  land  surface  by  open  pit  mining  would,  unless 
proper  precautionary  measures  are  implemented,  have  adverse  impacts 
on  all  vegetation,  forestry,  grazing,  crops,  birds,  land  animals, 
endangered  species,  habitat,  water  supplies,  and  water  quality.  These 
impact would  limit  the  enjoyment  of  hunting,  fishing,  and  allied 
leisure  time  activities  in  addition  to  affecting  scenic  vistas  and 
open  spaces.  Furthermore,  nearby  agricultural,  residential,  commer- 
cial, and  industrial  activities  may  be  affected  by  adverse  environ- 
mental impacts  propagated  beyond  the  area  of  mining. 

Few  coal  deposits  are  free  of  contaminants.  Therefore,  it  can  be  as- 
sumed that  under  ideal  conditions  a 5-percent  washer  loss  would  occur. 

The  problem  would  not  be  major  for  surface  mines  in  that  the  pits  from 
which  the  coal  would  be  extracted  could  receive  this  material. 

Ultimately,  the  mine  pits  would  be  backfilled,  the  spoil  banks  topped 
off  or  leveled,  the  highwalls  backsloped,  the  top  soil  replaced,  and 
the  area  reseeded. 

Other  short-term  problems  related  to  surface  coal  mining  are  acid  mine 
water  developing  in  the  open  pits,  in  spoil  piles,  and  in  mine  process- 
ing waste;  silt  eroding  from  the  pits,  processing  waste  and  spoil 
piles;  and  dust  blowing  from  the  pits,  spoil  piles,  truck  haulage 
roads,  railroad  cars,  mine  processing  plants,  and  processing  waste 
piles.  Each  of  these  problems  can  be  handled  effectively  by  requiring 
the  mining  companies  to  observe  environmental  regulations. 

Proper  supervision  within  the  scope  of  adequate  environmental  regula- 
tions could  result  in  mined  lands  being  returned  to  as  good  or  better 
than  found  conditions,  in  that  some  restored  lands  could  lend 
themselves  to  recreational  sites,  lake  impoundments  for  boating  and 
fishing,  picnic  areas,  and  eventually  could  promote  resort  facilities. 

The  end  use  to  which  surface-mined  lands  can  be  reclaimed  concurrent 
with  mining  is  limited  only  by  the  capacities  of  men  operating  within 
prevailing  geologic,  technologic,  and  economic  restraints. 
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(3)  Mine  Mouth  Powerplants 


A recent  development  at  several  of  the  western  coal  mines  is  the  estab- 
lishment of  the  powerplant  at  the  mine  mouth.  The  adjacent  development 
of  mine  and  powerplant  greatly  reduces  the  cost  and  environmental 
impact  of  any  coal  transportation  system  and  allows  ash  from  the  power- 
plant  to  be  readily  returned  to  the  mine  for  disposal.  Burial  of  the 
ash  between  the  spoil  banks  and  in  the  pit  cuts  at  surface  mines 
reduces  the  possibility  of  water  or  wind  transport  of  the  ash  and  sub- 
sequent environmental  damage.  Mine  mouth  powerplants  associated  with 
underground  mines  require  surface  disposal  areas  for  the  ash.  Transmission 
lines  from  the  mine  mouth  plants  may  have  an  impact  on  the  environment, 
depending  upon  routings  and  the  availability  of  existing  transmission  lines 
with  reserve  capability  for  handling  the  additional  plant  output. 

Location  of  the  powerplant  at  the  mine  mouth  depends  upon  several  critical 
factors.  Water  for  cooling  purposes  must  be  available  in  sufficient 
quantities  at  the  plant  site  or  within  a reasonable  distance  of  the  power- 
plant  to  allow  economical  pumping  operations  to  bring  the  water  to  the 
plant.  Pipeline  routings  to  bring  water  to  the  powerplant  can  have  an  en- 
vironmental impact  which  must  be  considered  during  the  planning  stages. 

The  coal  supply  at  the  mine  must  be  of  sufficient  quality  and  quantity  to 
supply  the  powerplant  over  its  projected  operating  life.  Insufficient  coal 
supplies  will  require  coal  to  be  shipped  to  the  powerplant  if  the  local 
supplies  are  exhausted  at  an  earlier  date  than  expected.  Environmental 
considerations  relating  to  transmission  line  routings,  plant  siting,  com- 
bustion byproducts,  water  usage,  surface  storage  of  ash  at  underground  mines 
and  other  such  factors  must  be  favorable  to  allow  development. 

(4)  Coal  Transportation 

Four  systems  could  be  used  for  moving  coal  from  a mine  to  a point  of  utiliza 
tion.  These  systems  are  trucks,  railroads,  conveyors  and  coal  slutry  pipe- 
lines. A fifth  system,  water  transportation,  may  be  discounted  because  of 
the  lack  of  navigable  waterways.  Each  system  has  advantages  that  would  make 
it  economically  attractive  for  transporting  coal  to  a point  of  utilization. 
Selection  of  a system  would  be  strongly  influenced  by  the  distance  to  a 
utilization  plant. 


The  major  adverse  environmental  impacts  of  these  transportation  systems 
are  air  and  noise  pollution,  safety,  the  amount  of  land  required  for  rights- 
of-way,  waste  disposal  and  water  quality  and  aesthetics. 

Air  pollution  sources  are  exhaust  emissions,  road  dust,  and  coal  dust.  The 
level  of  adverse  exhaust  emissions  can  be  reduced  through  efficient  engine 
maintenance;  road  dust  can  be  reduced  by  haul-road  surface  treatment,  such 
as  hard  surfacing,  oiling,  or  applying  water-chemical  solutions;  and  coal 
dust  can  be  reduced  by  truck  covers  and  spraying.  Although  mufflers  can 
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reduce  the  level  of  noise  pollution,  truck  haulage,  because  of  the  large 
number  of  noise  sources  and  frequent  trips,  is  commongly  recognized  as 
the  noisiest  system  of  transportation. 

Collisions  between  trucks,  other  vehicles  and  animals  can  occur  but  do 
not  normally  constitute  a serious  public  hazard  because  haulage  roads 
generally  are  confined  to  mine  property. 

Land  use  committed  to  truck  haulage  is  the  largest  of  any  of  the  coal 
transportation  systems.  The  presence  and  movement  of  large  numbers  of 
trucks  in  open  areas  may  be  aesthetically  objectionable  to  the  public, 
especially  if  the  haulage  roads  are  near  public  use  areas. 


Secondary  environmental  impacts  from  truck  transportation  arise  from  im- 
proper disposal  of  tires,  expended  oil  and  used  parts.  These  items  can  be 
disposed  of  in  open  cuts  of  surface  mines  and  then  buried  with  reclaimed 
spoil  and  revegetated.  In  addition,  special  disposal  pits  can  be  ex- 
cavated at  underground  mining  operations  where  these  items  can  be  buried 
and  the  area  revegetated.  Depending  on  the  economics  of  a particular 
mining  operation,  a reasonable  alternative  would  be  to  recycle  these  items. 

Rail  transporation  systems  using  diesel  locomotives  are  sources  of  air 
and  noise  pollutants  from  engine  exhaust  systems.  Effective  maintenance  of 
engine  combustion  systems  and  efficient  mufflers  can  reduce  the  air  and 
noise  pollution  levels  from  these  systems.  Coal  dust  lost  in  transit  can 
be  reduced  by  using  partially  covered  hoppers  or  by  oiling  the  coal  during 
loading.  Dusting  during  loading  and  unloading  can  be  reduced  with  a com- 
bination of  dust  suppression  sprays  and  enclosed  chutes  or  bins. 

The  right-of-way  for  a railroad  constitutes  a permanent  commitment  of  the 
land  surface  to  this  use,  making  it  unavailable  for  other  uses.  Free 
travel  of  vehicles,  people  and  animals  across  the  committed  area  is 
restricted;  however,  the  potential  for  collisions  with  trains  does  exist. 

In  open  or  scenic  areas,  railroad  rights-of-way  may  be  considered  as 
aesthetic  intrusions,  especially  if  large  trestles,  overpasses,  or  cut 
and  fill  areas  are  required.  Cut  and  fill  areas  can  be  constructed  with 
gentle  slopes  and  revegetated,  and  borrow  areas  can  be  reclaimed  as  men- 
tioned in  conjunction  with  truck  transportation  systems.  The  visual  im- 
pact of  trestles,  overpasses,  and  other  appurtenant  structures  can  be 
minimized  with  effective  combinations  of  eye-pleasing  designs  and  unobtru- 
sive colors. 

Conveyor  system  installations  likewise  constitute  a permanent  commitment 
of  the  land  surface  and  restrict  free  movement  of  vehicles,  people  and 
animals.  The  right-of-way  width  is  less  than  that  required  for  truck  or 
railroad  transportation  systems.  Uncovered  or  partly  covered  conveyors 
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allow  loss  of  dust  in  transit  because  of  exposure  to  winds.  Uncovered 
transfer  points  also  are  a potential  source  of  dust  when  suppression 
devices  are  not  provided.  Open,  or  partly  covered,  conveyors  constitute  a 
safety  hazard  to  persons  or  animals  when  a support  structure  is  installed 
close  to  the  ground.  Conveyor  systems  can  be  fenced  or  completely  enclosed 
to  eliminate  dusting  and  safety  hazards  to  humans  and  animals. 

Conveyor  support  structures,  either  frame  or  suspension  type,  as  well  as 
the  conveyors,  are  obvious  visual  intrusions,  especially  at  points  where 
the  conveyor  crosses  deep  drainage  systems.  Color  treatment  and  aesthetic 
design  of  support  structures,  enclosures,  and  transfer  structures  would' 
lessen  this  impact. 

The  principal  impacts  of  coal  slurry  pipeline  systems  are  the  permanent 
commitment  of  land,  providing  an  adequate  water  supply  and  waste  water 
disposal.  Large  quantities  of  water,  at  the  rate  of  one  ton  of  water  per 
ton  of  coal,  are  required  to  transport  coal  in  the  Black  Mesa,  Arizona, 
Pipeline  (Arnold,  1969,  p.  8).  In  water  deficient  areas,  this  method  may 
not  be  an  efficient  transportation  alternative,  particularly  where  the 
water  must  be  supplied  by  deep  wells  which,  when  pumped,  could  have  a 
draw-down  effect  on  shallower  wells  that  supply  people  or  livestock.  Ad- 
ditionally, water  disposal  problems  at  the  terminus  of  a pipeline  could 
have  an  impact  on  water  quality  if  not  properly  contained  or  when  it  is 
not  economically  feasible  to  recycle  the  water  for  transporation  purposes. 
Coal  slurry  destined  for  power,  gasification,  or  liquefaction  plants  could 
be  dewatered  with  the  "spent"  water  used  for  cooling  tower  makeup,  ash 
handling  and/or  evaporated  in  disposal  ponds.  The  Mohave  generating  sta- 
tion in  Nevada  is  utilizing  water  from  the  Black  Mesa  Pipeline  in  this 
manner . 

The  disposal  of  solids  and  water  removed  from  sections  of  a plugged  pipe- 
line could  cause  environmental  impacts.  Holding  ponds,  equal  in  capacity 
to  the  upstream  pipeline,  could  be  provided  at  pumping  stations  and  at 
the  coal  slurry  preparation  plant  for  disposal  of  removed  plugs.  The  water 
could  be  evaporated  and  the  coal  may  be  left  in  the  impoundment  unless 
provisions  are  made  for  recovery.  Compaction  and  sealing  can  prevent 
spontaneous  ignition  or  erosion  of  the  coal  left  in  impoundments.  The 
surface  of  the  impoundment  can  be  revegetated  with  indigenous  or  non- 
native plants  to  inhibit  erosion  of  the  seal. 

(5)  Waste  Disposal 

Large  volumes  of  waste  are  generated  during  coal  mining  and  processing. 

The  volume  of  mine  waste  depends  on  the  type  of  characteristics  of  top  and 
bottom  strata,  the  continuity  of  a coal  bed,  the  existence  of  fault  zones, 
and  the  tonnage  of  country  rock  that  must  be  mined.  The  type  and  volume 
of  waste  discarded  during  coal  processing  depends  upon  the  specifications 
for  which  the  coal  is  being  prepared,  characteristics  and  amounts  of  im- 
purities in  the  coal  bed  being  mined  and  the  efficiency  and  type  of  coal 
processing  equipment. 
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Uncontrolled  disposal  of  coal  mining  and  processing  wastes,  especially 
those  containing  carbon  and  trace  amounts  of  sulfur,  constitute  a source 
of  land,  water  and  air  pollutants. 

Water  flowing  over  waste  disposal  areas  commonly  transports  silt  and 
leached  minerals  to  adjacent  land  and  surface  water  drainage  areas.  In 
addition,  dust-size  particles  may  be  transported  by  winds  to  contaminate 
adjacent  land  and  water  resources.  If  a waste  pile  containing  large 

amounts  of  carbon  ignites,  noxious  gases  enter  the  atmosphere  creating  a 

hazard  to  plants,  animals,  people  and  property  (McNay,  1971,  p.  8). 

Waste  disposal  areas  require  a commitment  of  land  resources.  Furthermore, 
if  poorly  constructed  and  uncontrolled,  these  waste  areas  present  an  un- 
attractive appearance  to  viewers. 

Slides  and  slump  failures  commonly  occur  where  waste  is  deposited  on 

sloped  and  where  an  improper  combination  of  moisture  and  clay  minerals  in 

the  topsoil  or  in  the  waste  act  as  lubricants.  In  such  unstable  conditions, 
large  quantities  of  waste  can  move  downslope  and  have  adverse  effects  on 
land  and  water  resources  as  well  as  being  safety  hazards  to  plants,  ani- 
mals and  people. 

Should  fine  coal  cleaning  be  included  in  the  preparation  processes  for 
coals,  the  discarded  fine  waste  would  probably  be  deposited  in  slurry 
impoundments  where  the  water  would  either  be  decanted  for  recycling  to 
the  preparation  plant  or  allowed  to  evaporate.  Poorly  designed  impound- 
ment dikes  in  the  past  have  permitted  percolating  leached  water  to  enter 
downslope  surface  water  drainage  areas. 

In  addition,  construction  of  impoundments  on  underlying  pervious  bedrock 
commonly  results  in  infiltration  of  the  ground  water  table  by  mineralized 
water  or  in  percolation  of  such  water  through  the  base  of  dikes  to  enter 
downstream  surface  water  drainage  systems  where  these  types  of  leakage 
commonly  affect  aquatic  plant  and  animal  life.  Proper  construction  of  im- 
poundment dams  and  treatment  of  impoundment  basins  can  prevent  such  oc- 
currences. 

Unless  measures  are  taken  by  coal  operators  to  seal  and  revegetate  both 
coarse  and  fine  waste  upon  abandonment  of  waste  disposal  areas,  many 
unfavorable  impacts  can  continue  for  decades.  However,  use  of  appropriate 
treatment  methods  on  the  part  of  coal  operators,  coupled  with  effective 
enforcement  of  waste  disposal  regulations  promulgated  by  State  and  Federal 
Governments,  can  minimize  such  effects  on  the  environment. 

There  can  be  beneficial  uses  of  waste  materials  such  as: 

The  waste  rock  removed  during  mining  can  be  utilized  in  many  areas  as 
landfill  to  provide  level  sites  in  deeply  dissected  terrains.  This  type 
of  landfill  is  an  effective  method  for  disposal  of  mine  waste  when  properly 
compacted,  sealed,  fertilized,  reseeded  and  revegetated. 
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The  return  of  mining  and  processing  wastes  to  underground  mine  voids 
would  lessen  the  potential  for  subsidence. 

Processing  plant  wastes,  when  properly  buried  and  revegetated  at  sites 
chosen  according  to  sound  geologic  and  hydrologic  information,  would  have 
minimal  environmental  impacts  in  the  thinly  populated  areas  of  the  West. 


(6)  Synthetic  Fuels  from  Coal  (also  see  Natural  Gas) 

Through  hydrogenation  processes,  it  is  possible  to  convert  coal  to 
various  liquid  and  gaseous  forms  as  a substitute  for  natural  oil  and 
gas.  Considerable  research  and  development  has  been  completed  or  is  now 
in  progress  by  the  Federal  Government  and  by  private  industry.  Certain 
technologies  have  been  demonstrated  as  commercially  feasible  but  are  not 
now  economically  competitive.  Much  of  the  work  in  progress  is  summarized 
in  Department  of  the  Interior’s  1973  coal  research  report  (USDI,  Office 
of  Coal  Research  1973). 

The  President,  in  his  Energy  Messages  of  June  4,  1971  and  April  18,  1973,  and 
in  his  budget  requests  has  given  special  attention  to  the  acceleration  of 
coal  gasification.  Similar  acceleration  of  coal  liquefaction  technology 
development  could  result  in  economically  feasible  conversion  processes 
that  could  provide  an  alternative  source  of  oil.  However,  in  view  of  the 
critical  domestic  gas  and  oil  supply  situation  that  is  developing,  any 
additional  supplies  of  oil  and  gas  so  developed  probably  would  not  be 
available  for  electric-power  generation. 

The  feasibility  of  using  such  processes  as  an  alternative  energy  source 
depends  upon  the  rate  at  which  technological  systems  are  developed,  tested, 
and  proved  to  be  economically  viable  so  that  commercial  scale  plants  could 
be  built.  It  is  possible  that  such  could  occur  in  time  to  produce  sub- 
stantial amounts  of  synthetic  fuel  by  1980-1985. 

The  environmental  impacts  of  coal  mining  to  provide  the  raw  material  for 
the  production  of  synthetic  fuels  were  discussed  previously.  However, 
synthetic  fuels  may  require  as  much  as  double  the  volume  of  coal  for  the 
equivalent  liquid  or  gaseous  fuel  Btu  value.  Accordingly,  mining  impacts 
could  be  double  those  associated  with  use  of  coal  as  a solid  fuel.  There 
also  could  be  environmental  impacts  associated  with  the  operation  of  the 
conversion  plants.  Environmental  considerations  relating  to  the  transpor- 
tation and  combustion  of  synthetic  fuels  are  similar  to  those  for  natural 
oil  and  gas  and  are  discussed  in  following  sections.  Because  much  of  the 
Rocky  Mountain  coals  are  low  in  sulfur  and  are  therefore  in  demand  for  power 
generation,  it  is  doubtful  that  these  coals  will  be  used  for  the  production 
of  synthetic  fuels  before  full  development  of  the  higher  sulfur  eastern 
coals.  The  deeply  buried  western  coals  may  provide  raw  material  for  the 
synthetic  production  of  oil  and  gas  when  in-situ  conversion  processes  are 
developed.  This  is  not  expected  to  occur  in  the  near  future  and,  therefore, 
this  energy  source  is  not  presently  a viable  alternative  to  geothermal  steam 
production. 
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b.  Oil 


The  principal  geothermal  resource  areas  presently  being  developed  or 
considered  for  development  could  supply  increasing  amounts  of  electricity 
to  areas  where  oil  is  now  used  for  power  generation.  Conversely,  increased 
domestic  production  of  oil  or  increased  imports  of  oil  could  be  used  to 
supply  increased  power  generating  energy  needs  if  geothermal  resources 
are  not  developed. 

The  average  heat  in  Btu's  used  to  produce  1 kilowatt  hour  from  fossil 
fueled  thermal  generating  plants  in  California  during  1970  was  9,604  Btu 
per  kwh  of  electricity  generated  (Federal  Power  Commission,  1969).  These 
generating  plants  use  oil  or  gas,  somewhat  interchangeably,  although 
natural  gas,  a cleaner  burning  fuel,  is  more  widely  used  in  the  Los 
Angeles  area  as  an  air  pollution  control  measure.  This  region  is  also  in 
the  principal  area  of  anticipated  geothermal  power  development. 

The  future  use  of  low-sulfur  fuel  oil  for  power  generation  on  the  West 
Coast  is  projected  to  double  by  1985  providing  a larger  than  present  share 
of  electric  power.  Oil-fired  generating  stations  tend  to  be  located  near 
heavily  populated  areas  to  minimize  transportation  transmission  costs. 

They  may  have  an  adverse  effect  on  air  and  water  quality  in  such  areas 
because  of  heavy  population  concentration.  Such  plants  could  be  unat- 
tractive in  scenic  areas.  The  oil-fired  generating  station  produces  more 
air  pollutants  than  natural  gas  but  the  air  effluents  generally  could  be 
held  to  tolerable  levels  except  perhaps  in  the  Los  Angeles,  California  area. 
If  oil  were  used  to  replace  geothermal  powered  electricity,  there  would  be 
an  incremental  increase  in  air  pollution  in  the  powerplant  areas. 

Oil  could  be  used  as  an  alternative  to  development  of  geothermal  resources. 
If  oil  were  required  to  provide  electric  energy  should  geothermal  energy 
not  be  available,  the  approximate  amounts  of  oil  shown  in  Table  IV-12 
would  be  necessary  to  replace  the  geothermal  electric  energy  predicted 
at  intervals  during  the  next  10  to  15  years. 
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Table  IV- 12 

Oil  requirement  needed  in  Western  United  States  to  replace  electricity 
generated  by  geothermal  means  should  geothermal  power  be  restricted  If 


Oil  Replacement 

2/ 

Geothermal  Power— 

Million  Bbls . 

Thousand  Bbls 

Year 

Per  Year 

Per  Day 

1973 

298  megawatts  from  The  Geysers 
field,  California 

4 

11 

1980 

1,000-2,000  megawatts 

13-26 

37-77 

1985 

7,000-20,000  megawatts  from 
all  Western  U.S.  sources  (assuming 
new  technology  can  be  developed  to 
use  hot  water) 

91-260 

250-710 

If  The  average  crude  oil  yields  about  5.8  million  Btu  per  barrel 
(42  gallons)  and  the  average  low-sulfur  fuel  oil,  a refined 
product,  yields  about  6 million. Btu  per  barrel.  For  this  pur- 
pose, it  is  assumed  that  a low-sulfur  crude  oil  yielding  5.8 
million  Btu  could  be  used  in  power  generating  facilities  even 
though  lighter  fractions  would  probably  be  refined  off  and 
used  for  other  purposes. 

2/  Predicted  geothermal  power  from  National  Petroleum  Council, 
U.S.  Energy  Outlook,  v.  2,  1971. 
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The  West  Coast  currently  is  subject  to  a short  domestic  supply  of  oil, 
importing  such  oil  as  is  needed  to  augment  the  amounts  produced  in  the 
coastal  areas.  Based  upon  Bureau  of  Mines  supply/demand  projections 
and  allowing  for  full  utilization  of  Alaska  North  Slope  production,  there 
will  be  a continuing  dependence  upon  imports: 


Million  Barrels  Daily 


1972 

1980 

1985 

(Actual) 

Production 

California 

1.0 

0.9 

0.9 

Southern  Alaska 

0.2 

0.2 

0.1 

North  Slope 

1.5 

2.0 

Subtotal,  within  district 

1.2 

2.6 

3.0 

Receipts  from  other  districts 

0.2 

0.1 

0.1 

Processing  gain 

0.1 

0.1 

0.1 

Total  domestic  production 

1.5 

2.8 

3.2 

Less  exports  (other  districts  and 

-0.1 

-0.2 

-0.2 

foreign) 

Net  available  PAD-V 

1.4 

2.6 

3.0 

Demand 

2.2 

3.0  to  3.3 

3.7  to 

4.0 

Deficit  to  be  met  by  imports 

0.8 

0.4  to  0.7 

0.7  to 

1.0 

Percentage  of  imports 

36% 

13  to  21% 

19  to 

25% 

The  comparable  national  supply/demand 

outlook  is: 

Probable  demand 

16.4 

20.8 

25.0 

U.S.  production  (exclusive  of  North 

11.6 

10.2 

9.2 

Slope) 

Synthetic  liquids 

0.5 

Crude  oil  deficit  (without  North 

10.6 

15.3 

Slope) 

North  Slope  production  (via  Alaska 

1.5 

2.0 

pipeline) 

Crude  oil  deficit,  with  North  Slope 

4.8 

9.1 

13.3 

Percentage  of  imports 

With  North  Slope 

44% 

53% 

Without  North  Slope 

29% 

51% 

61% 

Delays  in  construction  of  the  Alaska  pipeline  would  seriously  increase 
the  import  dependency. 
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Table  IV- 13  indicates  the  sources  of  supply  considered  feasible  between 
1971  and  2000. 

In  1971,  domestic  supply  accounted  for  74.0  percent  of  U.S.  consumption  and 
imports  accounted  for  26.0  percent.  In  the  year  2000,  if  the  present  trends 

and  policies  continue,  16.9  percent  of  requirements  will  be  met  by  lower 
48  supply,  10.0  percent  by  Alaskan  North  Slope  oil,  and  2.8  percent  by 
synthetic  liquids,  giving  domestically  produced  oil  29.7  percent  of  our 
total  market.  If  additional  liquid  hydrocarbons  are  to  be  available  to 
meet  projected  consumption,  they  will  come  from  supplemental  supplies. 

Between  now  and  1980,  these  supplemental  supplies  must  come  either  in 
the  form  of  imported  oil  from  foreign  sources  or  incremental  production 
from  conventional  domestic  sources,  both  onshore  and  offshore,  to  the 
extent  that  it  may  be  made  available  through  increased  discoveries  of 
new  reserves.  The  proportion  which  each  of  these  sources  will  contribute 
is  dependent  primarily  upon  governmental  policies,  environmental 
restraints,  and  economic  conditions  during  this  period.  Beyond  1980, 
supplemental  supplies  will  come  not  only  from  these  sources  but  also 
from  such  nonconvent ional  sources  as  shale  oil,  tar  sands,  and  coal 
liquefaction.  Development  of  new  technologies  will  also  be  a contribut- 
ing factor  to  the  extent  these  new  energy  forms  are  made  available. 
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Estimated  Petroleum  supply  schedule,  1971  actual  with  projections 

to  the  year  2000 
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The  three  primary  potential  sources  for  additional  crude  oil  supplies 
are:  (1)  increased  onshore  production,  (2)  increased  offshore  production, 

and  (3)  increased  crude  oil  or  finished  product  imports. 

(1)  Onshore  Production  - Lower  48  States 

This  alternative  would  require  increased  exploration,  development,  and 
production  of  crude  oil  (and  natural  gas)  from  onshore  sources.  To  be 
a real  alternative,  supplies  of  oil  and  gas  would  have  to  be  developed 
to  replace  the  loss  of  geothermal  potential  development  in  addition  to 
those  oil  and  gas  supplies  that  are  projected  to  be  produced  from  on- 
shore sources  for  other  purposes  during  the  same  time  frame.  Experience 
indicates  that  it  would  be  difficult  to  further  expand  drilling  efforts 
to  provide  additional  needed  supplies,  especially  when  consideration  is 
given  to  the  drilling  effort  required  to  offset  continuing  declines  in 
offshore  production.  Past  discovery  rates  indicate  that  the  drilling  of 
from  13,000  to  35,000  additional  wells  might  be  required  to  provide  oil 
equivalent  supplies  of  the  same  potential  energy  production  that  ulti- 
mately may  result  from  geothermal  development.  In  1970,  less  than  30,000 
wells  were  drilled  in  onshore  areas. 

Onshore  drilling  in  recent  years  has  continually  declined;  a major  con- 
tributor to  the  decline  has  been  a lack  of  economic  incentive.  Additional 
incentives  such  as  subsidies,  price  increases  and  tax  benefits  could  re- 
sult  in  increased  drilling  and  development  of  onshore  domestic  supplies. 
The  President,  in  his  1973  Energy  Message,  asked  the  Congress  to  extend 
the  investment  credit  provisions  of  the  present  tax  law  so  that  a credit 
will  be  provided  for  all  exploratory  drilling  for  new  oil  and  gas  fields. 
This  would  provide  a somewhat  higher  credit  for  successful  exploratory 

wells  than  for  unsuccessful  ones  in  order  to  put  an  additional  premium  on 
results. 

With  increased  incentives,  additional  exploration,  development  and  pro- 
duction of  supplies  could  be  expected,  but  increases  in  crude  oil  supplies 
from  new  discoveries  probably  could  not  be  expected  to  be  forthcoming  in 
significant  quantities  within  three  to  five  years. 
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The  Geological  Survey's  latest  calculations  of  proved  onshore  oil  and 
gas  reserves  and  estimated  additional  recoverable  resources  are: 


U.S.  Onshore  Oil  and  Gas  Reserves  and  Resources 
(Oil  1 / in  billions  of  barrels;  gas  in  trillions  of  cubic  feet) 


Proved 

Reserves 

Recoverable 

Resources 

Oil 

Gas 

Oil 

Gas 

Public  lands 

3.0 

14.0 

250.0 

1,153.0 

Non-public  lands 

38.3 

237.6 

16.0 

61.0 

Total 

41.3 

251.6 

266.0 

1,214.0 

2/ 


Potential  onshore  reserves  would  be  adequate  to  meet  projected  requirements 
but  past  and  current  drilling  efforts  have  not  resulted  in  discoveries 
that  would  have  provided  adequate  increased  production.  The  most  favor- 
able geologic  provinces  already  have  been  developed  so  exploration  suc- 
cess possibilities  are  reduced.  In  the  late  1940 's  only  30  wildcat  wells 
were  needed  to  locate  a significant  new  field;  the  number  of  wells  re- 
quired had  nearly  doubled  by  1960  and  this  trend  has  not  reversed. 

The  importance  of  finding  large  fields  becomes  apparent  when  it  is  noted 
that  last  year  63  percent  of  U.S.  production  was  from  only  264  giant  fields; 
there  are  over  35,000  oil  fields  in  the  United  States. 

Development  of  spare  shut-in  capacity  in  the  Naval  Petroleum  Reserve  at 
Elk  Hills  in  Kern  County,  California,  could  be  a partial  alternative. 
Production  has  been  limited  to  about  2,000  barrels  of  oil  per  day.  In 
1970  shut-in  capacity  was  estimated  to  be  about  160,000  BPD.  At  that 
time,  the  expenditure  of  approximately  $100  million  for  drilling,  plants 
and  compressors  and  $50  million  for  additional  transportation  facilities 
could  result  in  increased  production  to  about  350,000  barrels  of  crude  oil 
per  day  of  production.  Congressional  approval  would  be  required  for  any 
appreciable  increase  over  the  current  producing  rate. 

Technological  advances  permit  improved  recovery  of  oil  from  existing 
reservoirs,  and,  in  effect,  increase  the  "recoverable  reserves"  in  a 
producing  formation  by  a process  called  "secondary  recovery."  Injecting 
water  into  the  reservoir  to  mechanically  displace  some  of  the  trapped  oil 
is  an  example.  Improved  recovery  techniques  have  added  about  0.5  percent 
per  year  to  the  expected  ultimate  recovery. 


1/  Includes  natural  gas  liquids 
2/  Does  not  include  proved  reserves 
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Ultimate  recovery  of  oil  is  currently  estimated  at  31.1  percent  of  original 
oil  in  place.  The  applicability  of  recovery  techniques  depends  strongly 
on  the  nature  of  the  oil  reservoir;  the  estimated  recovery  ranges  from  13.5 
percent  in  Ohio  to  65  percent  in  District  6 of  Texas.  With  estimated  ori- 
ginal oil-in-place  of  425  billion  barrels,  an  increase  of  only  1 percent 
in  the  average  recovery  of  oil-in-place  would  yield  4.25  billion  barrels, 
or  2 million  barrels  per  day  for  12  years.  The  historic  0.5  percent  per 
yeaf  derived  primarily  through  improved  water-flooding  techniques,  however, 
appears  to  be  decreasing. 

It  is  also  important  to  note  that  supply/demand  forecasts  usually  include 
provision  for  some  improvements  in  recovery , of ten  explicitly.  For  example, 
the  National  Petroleum  Council  projects  reserve  additions  of  28.5  billion 
barrels,  or  71  percent  of  its  1971-1985  totals,  from  application  of  second- 
ary and  tertiary  recovery  processes  (NPC,  Coal  Task  Group,  1971).  Much 
of  the  production  capacity  added  in  recent  years  has  been  obtained  through 
such  improvements,  and  further  dramatic  increases  generally  are  not  an- 
ticipated at  current  costs  and  price  levels.  Technologic  breakthroughs 
which  could  contribute  significant  additional  production  will  probably 
come  from  secondary  or  tertiary  recovery  methods  other  than  waterflooding. 
Miscible  and  thermal  techniques  have  been  proved  in  the  laboratory.  Some 
have  shown  limited  technical  but  not  economical  success  when  applied  to 
the  actual  reservoir. 

Incremental  gas  production,  while  possibly  substantial,  is  measured  with 
respect  to  a base  of  excess  production  which  is  declining  under  present 
regulation.  Natural  gas  reservoirs  are  not  amenable  to  the  secondary 
recovery  technology  breakthroughs  that  petroleum  reservoirs  are. 

The  environmental  impacts  associated  with  substitution  of  the  domestic 
production  of  oil  for  geothermal  energy  in  power  production  involve 
exploration  and  production  activities,  the  transportation  of  the  crude 
oil,  refining,  and  finally  its  consumption  at  the  electric  powerplant. 

These  impacts  depend  largely  on  local  considerations,  such  as  the  site  of 
oil  discovery,  distance  to  refinery,  means  of  transport  and  location  of 
power  stations. 

(a)  Exploration  Development  and  Production 

Many  of  the  activities  associated  with  the  exploration  and  development  of 
oil  resources  are  very  similar  to  those  involved  in  geothermal  operations. 
However,  oil  activities  tend  to  be  more  intensive  as  to  surface  disturbances 
and,  as  such,  may  be  somewhat  more  of  an  environmental  hazard  but  still 
generally  are  of  a temporary  nature. 

A variety  of  surveys  are  carried  out  by  aircraft  and  surface  methods. 

Small  single-  and  twin-engine  aircraft  and  helicopters  conduct  visual 
reconnaissance  at  altitudes  of  100  to  500  feet.  Flights  above  3,000  feet 
conduct  photographic,  geophysical  magnetometer  and  geologic  visual  recon- 
naissance surveys. 
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Surface  exploration  includes  casual  use  of  existing  roads  and  trails 
(to  conduct  geochemical  and  reconnaissance  surveys  to  make  stratigraphic, 
lithologic  and  structural  maps  and  to  take  air  samples)  and  intensive  use 
requiring  extended  physical  presence  on  the  land  and  resulting  in  signi- 
ficant disturbance  to  the  environment. 

Geophysical  surveys  include  use  of  explosives,  thumpers,  or  vibrators  to 
transmit  shock  to  the  ground.  Explosive  methods  involve  drilling  holes 
in  the  ground  and  detonating  explosives  in  the  hole.  Thumper  and  vibrator 
methods  use  truck-mounted  equipment  to  pound  or  vibrate  the  earth.  Access 
trails  may  be  cleared  of  soft  vegetative  cover  and  loose  mineral  material 
so  that  detectors  spaced  along  the  trails  can  receive  as  much  energy  as 
possible.  During  preliminary  reconnaissance,  a few  such  trails  would  be 
cut;  more  intensive  investigation  of  a promising  area  could  require  a net- 
work of  trails  on  a 1-  to  2-mile  grid  or  closer.  The  seismic  explosive 
method  can  damage  water  wells  and  irrigation  facilities  in  close  proximity 
to  the  test  area. 

Other  types  of  geophysical  surveys  (to  measure  temperature  and  other 
characteristics)  use  light-weight  equipment  which  is  usually  hand-carried 
with  very  little  if  any  disturbance  due  to  the  survey  itself. 

Subsurface  exploration  begins  with  stratigraphic  tests,  which  are  usually 
shallow  (100  to  500  feet) , uncased  holes  designed  to  determine  subsurface 
structural  features  and  correct  seismic  data.  They  are  usually  drilled 
with  truck-mounted  equipment  and  disturb  a relatively  small  area.  Temporary 
roads  and  trails  constructed  for  access  to  the  test  sites  are  minimal. 

Wildcat  wells  are  drilled  to  verify  the  existence  of  hydrocarbon  deposits. 

To  support  the  drilling  rig  and  other  equipment,  a heavy-duty  but  temporary 
road  is  built.  The  wildcat  well  site  is  cleared  of  all  vegetation  and 
graded  to  a flat  surface.  The  area  of  the  site  depends  on  the  type  and 
depth  of  well  drilled,  equipment  used,  and  the  topography,  and  may  cover 
an  acre,  more  or  less.  At  the  well  site,  a drilling  rig,  mud  pumps  and 
pit,  generators,  pipe  rack  and  tool  house  are  located  on  the  drill  pad. 

Other  facilities,  such  as  water  and  fuel  storage  tanks,  will  be  nearby.  In 
remote  areas,  the  drilling  company  may  construct  additional  support  facili- 
ties such  as  a drilling  camp  and  an  aircraft  landing  strip  or  heliport. 

During  drilling,  a special  fluid  called  "mud"  (a  mixture  of  water,  clay 
and  mineral  additives)  is  pumped  down  the  drill  pipe  under  controlled 
pressure.  This  mud  is  sometimes  mixed  and  stored  in  pits  dug  in  the 
ground.  If  abandoned,  it  may  form  a surface  crust  but  may  not  harden  for 
years. 

"Blowout  preventers"  are  installed  as  safety  devices.  Their  function  is 
to  close  off  the  space  between  the  drill  pipe  and  the  casing  in  a matter 
of  seconds  if  unexpectedly  high  pressures  are  met.  They  will  contain 
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pressures  until  normal  drilling  can  be  resumed.  When  the  well  is  ready 
for  production,  a system  of  high-pressure  surface  valves,  called  a Christ- 
mas tree,  is  installed  on  top  to  control  the  well  flow. 

A well  requires  water  for  mud,  cleaning  equipment  and  cooling  engines;  a 
water  well  may  be  drilled  if  no  other  source  is  available.  A pipeline 
may  be  laid  several  miles  and  a pump  installed  at  a stream  to  furnish  water. 

Discovery  of  oil  or  gas  leads  to  testing  which  requires  additional  equip- 
ment such  as  separators  and  storage  tanks.  In  some  areas,  an  operator  may 
be  allowed  to  flare  gas  for  a short  period  for  testing;  in  others,  gas  may 
be  released  unburned  to  the  atmosphere. 

If  the  wildcat  does  not  discover  oil  or  gas  in  commercial  quantities,  the 
hole  will  be  plugged  and  the  location  abandoned.  The  drilling  pad  and 
surrounding  area  should  be  cleaned  up  and  restored. 

Development  differs  from  the  later  stages  of  exploration  primarily  in  the 
extent  and  intensity  of  activities.  More  detailed  seismic  work  may  be 
required  to  determine  the  best  location  for  the  first  offset  or  develop- 
ment well  sites  of  a more  permanent  nature;  they  are  generally  more  stable 
in  their  location  and  construction  methods  better  planned  than  those  in 
the  exploratory  phase.  As  the  field  develops,  the  wells  are  interconnected 
with  a road  and  pipeline  system  which  results  in  destruction  of  vegetative 
cover,  soil  movement,  siltation  and  other  surface  disturbances. 

Many  fields  go  through  several  development  phases;  new  development  wells 
may  be  drilled  past  the  known  producing  horizon  in  an  attempt  to  find 
additional  productive  zones.  If  a deeper  zone  is  developed  within  the 
field  area,  additional  wells  may  be  drilled  adjacent  to  existing  producing 
wells — reducing  effective  well  spacing — or  the  existing  wells  and  any  new 
development  wells  may  be  drilled  deeper  and  completed  as  "multiple  comple- 
tions. " 

Production  - The  production  phase  involves  periodic  inspection  and  repair 
of  operating  equipment  and  facilities.  In  cases  of  smaller  production 
capacity,  oil  will  be  stored  temporarily  in  tanks  and  picked  up  periodically 
by  tank  truck.  When  brines  are  a principal  byproduct  of  the  production 
operation,  corrosion  is  a particularly  important  problem.  Late  stages  of 
production  usually  involve  secondary  recovery  operations  requiring  addi- 
tional pumping  or  injection  equipment. 

Abandonment  - As  production  declines,  some  wells  in  the  field  may  begin 
to  produce  too  much  water.  In  some  oil  fields  gas  produced  becomes  ex- 
cessive and  wells  are  eventually  shut  in  and  abandoned.  Abandonment  of 
gas  wells  usually  comes  when  reservoir  pressure  and  rate  of  gas  production 
become  too  low.  Deregulation  and  higher  prices  would  tend  to  delay  aban- 
donment of  existing  gas  fields  and  prolong  production  in  new  fields.  Some 
of  the  gathering  system,  flow  lines,  and  other  buried  pipe  may  be  left  in 
place  if  the  cost  of  removal  exceeds  salvage  value  and  regulations 
require  removal. 
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(b)  Potential  Environmental  Impacts 


These  impacts  can  be  associated  with  areas  where  petroleum  exploration 
production  already  is  a common  practice  or  to  areas  where  petroleum 
extraction  is  virtually  unknown.  If  the  incremental  production  deprives 
from  existing  producing  wells  and  if  storage  and  distribution  systems  are 
adequate  to  handle  the  additional  produced  fluids,  the  resulting  impact 
will  be  minimal.  If  the  extra  production  comes  from  extending  the  limits 
of  producing  reservoirs,  recompleting  wells  in  the  producing  reservoir  or 
in  other  reservoirs  which  they  penetrate  at  greater  or  lesser  depths,  or 
secondary  recovery  operations,  additional  impacts  will  result.  These 
impacts  are  associated  with  drilling  and  reworking  production  or  injection 
wells,  erecting  gathering,  storage  and  distribution  systems  pipelines  as 
well  as  any  other  required  operating  equipment.  Since  fossil  fuels  such 
as  petroleum  and  natural  gas  theoretically  can  be  discovered  in  essenti- 
ally any  area  where  the  earth's  subsurface  crust  is  composed,  at  least  in 
part,  of  sedimentary  rocks,  the  additional  production  could  result  from 
successful  exploration  of  areas  where  oil  and  gas  extraction  is  not  common. 
For  this  case  the  resulting  environmental  impacts  could  be  maximum  as 
entirely  new  production  and  transportation  systems  might  be  required. 

The  following  impacts  relate  generally  to  any  area  where  crude  petroleum 
or  natural  gas  extraction  could  occur: 

Air  Quality  - The  impact  of  additional  petroleum  production  on  air  quality 
stems  principally  from  the  emission  of  particulates  into  the  atmosphere; 
however,  some  disturbance  results  from  noise  and  vibrations. 

Engine  exhausts  from  vehicles  and  stationary  engines  result  in  emission  of 
the  products  of  combustion.  The  impact  of  such  pollution  is  dependent  upon 
the  size  of  the  operation,  climatic  conditions,  topography  and  localized 
factors.  Noise  and  vibrations  from  stationary  engines  used  in  drilling  and 
production  operations  and  transporting  systems  can  disturb  the  natural  en- 
vironment. Air  quality  in  immediate  areas  could  undergo  some  temporary 
reduction  because  of  removal  of  ground  cover,  dust  from  vehicle  traffic 
and  from  occasional  equipment  failure  or  blowouts. 

Vapor  venting  from  storage  tanks  and  vessels,  the  planned  or  accidental 
burning  of  petroleum  and  other  chemical  products,  especially  those  con- 
taining sulfur  compounds,  could  release  particulates,  volatile  and  noxious 
oxides  of  combustion  into  the  atmosphere,  as  well  as  objectionable  odors. 
These  emissions  generally  can  be  classed  as  intermittent,  infrequent  and 
present  in  small  amounts. 

Since  production  operations  result  in  relatively  small  amounts  of  air 
contaminants,  it  is  unlikely  that  air  quality  reductions  from  such  opera- 
tions associated  with  increased  petroleum  or  natural  gas  production  would 
significantly  alter  biological  conditions  affecting  the  growth  of  flora. 
However,  the  feeding  and  nesting  habits  of  birds  and  animals,  wilderness 
qualities  and  hunting  could  be  altered  as  a result  of  noise  and  vibrations 
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associated  with  increased  operations.  After  termination  of  operations, 
a reversion  back  to  original  conditions  would  be  expected. 

Water  Quality  - The  construction  of  roads  for  access  into  prospective 
petroleum  producing  areas  could  affect  water  quality  where  drainage  pat- 
terns are  disturbed  or  when  erosion  is  possible.  Canal  dredging  can 
result  in  temporarily  increased  turbidity  and  sediment  suspension. 

Entry  of  foreign  substances  such  as  oil,  chemicals,  brine  and  waste 
materials  into  the  water  cycle  can  be  a major  environmental  risk  asso- 
ciated with  petroleum  production  operations.  Spills  or  leaks  allowing 
such  substances  to  enter  the  surface  or  ground  water  systems  can  result 
from  human  error  and  neglect,  corrosion  of  pipelines  and  container  vessels, 
pipeline  breaks  from  vibrations,  earthquakes,  landslides,  ruptures  or 
mechanical  failures,  burning  pits  and  open  ditches  and  blowouts.  During 
production,  large,  amounts  of  salt  water  are  usually  produced  as  oil  fields 
age.  Such  water  can  create  disposal  and  pollution  problems.  A study  by 
the  Interstate  Oil  Compact  Commission  (IOCC)  indicates  that  up  to  25  mil- 
lion barrels  of  salt  water  are  produced  daily  from  the  Nation's  oil  wells. 
Proper  disposal  of  produced  brines  has  been  and  continues  to  be  of  major 
concern  to  producing  operators.  Subsurface  disposal  is  strictly  regulated 
by  state  water  resources  agencies  and  disposal  of  salt  water  is  not  per- 
mitted in  fresh-water  streams  (NPC,  Environmental  Conservation,  1972). 

The  principal  causes  of  water  pollution  from  barges  transporting  petro- 
leum inland  and  on  coastal  waterways  are  loading  and  unloading  operations, 
collisions,  ship  operations,  such  as  bilge  disposal  and  human  error.  Data 
compiled  from  the  Pollution  Incident  Reporting  System  (PIRS)  of  the  U.S. 
Coast  Guard  show  that  there  were  295  spills  attributed  to  barges  in  1970. 
Average  size  of  the  spills  was  estimated  to  be  approximately  66  barrels  per 
spill.  Even  though  spill  control  methods  are  being  improved,  increased 
movement  of  petroleum  has  increased  this  pollution  problem. 

Surface  and  Subsurface  Land  Quality  - A potential  source  of  land  pollution 
is  a blowout  during  drilling,  but  the  frequency  of  blowouts  is  small.  A 
well  blowout,  while  not  common,  may  occur  at  any  time  during  exploratory 
or  development  drilling.  If  blowout  preventers  fail,  a well  may  flow  out 
of  control  for  days  or  months  until  the  pressure  declines,  rocks  and  debris 
lodge  in  the  well  hole  and  restrict  the  flow  to  a controllable  rate,  or 
a relief  hole  or  other  control  operations  are  successful. 

During  a blowout,  oil,  gas,  drilling  mud  and  brines  may  be  sprayed  into 
the  air.  Wind-blown  pollutants  can  damage  surrounding  vegetation  and 
other  resources.  A blowout  can  also  charge  subsurface  formations  with 
gas,  oil,  or  brine,  endangering  ground  and  surface  water  quality.  Fire  is 
a possibility  and  seriously  complicates  control  operations. 

The  likelihood  of  a blowout  usually  is  reduced  by  use  of  a blowout  pre- 
venter— a large  control  valve  that  can  be  closed  to  stop  or  reduce  the 
well  flow.  Although  usually  standard  equipment,  blowout  preventers,  like 
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any  mechanical  device,  may  malfunction  when  needed.  One  hundred  and  six 
blowouts  occurred  in  drilling  273,000  wells  in  8 major  oil-producing  states 
from  1960  through  1970.  Most  blowouts  are  from  high  pressure  gas  rather 
than  oil. 

The  injury  experience  of  the  oil  industry  has  been  far  less  than  that  of 
mining.  For  example,  injuries  are  about  one-fourth  of  those  attributed 
to  coal  mining.  Moreover,  historical  injury  rates  of  the  oil  industry  are 
relatively  constant,  which  indicates  that  increased  production  would  not 
significantly  increase  the  rate  of  additional  fatalities. 

(c)  Transportation 

Substantial  oil  production  is  normally  served  by  a trunk  pipeline  to 
transport  the  crude  oil  to  the  refinery  or  to  a shore  terminal  for  trans- 
shipment by  tanker  to  a refinery.  Pipeline  construction  involves  tempor- 
ary disturbance  of  the  terrain  to  the  extent  of  excavating  a trench,  the 
construction  of  structures  for  crossing  streams  and  the  installation  of 

pumping  stations.  Once  a pipeline  is  completed,  it  normally  is  a benign 
environmental  consideration  and  the  terrain  is  returned  to  essentially  its 
native  condition.  There  is  the  possible  hazard  of  an  oil  spill  in  case  the 
line  breaks  but  normal  pipeline  maintenance  and  safety  measures,  etc.,  are 
designed  to  prevent  large  or  long  continued  spillage.  Spills  could  occur 
from  tankers  or  at  the  terminal  and  the  proposed  ballast  treatment  facility 
will  have  a discharge  of  treated  ballast  water  which  may  contain  residual 
amounts  of  oil. 

In  exploring  and  pipelining,  spills  that  occur  normally  would  be  small. 
Major  spills  could  occur  in  drilling,  production  and  in  transportation  of 
petroleum  liquids  by  marine  transportation.  The  Environmental  Protection 
Agency  (EPA)  estimated  that  10,000  oil  spills  occur  per  year  of  which  2,500 
are  ground  spills.  Most  ground  spills  cause  little  ground  damage.  Ac- 
cording to  the  1970  report  of  the  Office  of  Pipeline  Safety  (Department  of 
Transportation)  on  spills  incidents,  there  were  a total  of  347  liquid 
pipeline  accidents.  Crude  oil  was  being  transported  in  216  of  the  ac- 
cidents. In  those  accidents,  spills  averaged  approximately  1,780  barrels 
of  crude  oil.  Principal  cause  of  over  50  percent  of  the  accidents  was 
corrosion.  Many  pipelines  are  old,  dating  back  to  the  1920’s  before  tech- 
niques for  protection  against  corrosion  became  widely  used.  With  the 
development  and  expanded  use  of  cathodic  protection  of  pipelines,  fewer 
accidents  in  new  lines  would  be  expected,  but  accidents  from  old  lines 
will  continue  to  be  of  concern. 

(d)  Refining 

Increased  use  of  oil  for  electric. power  generation  as  a substitute  for 
geothermal  power  could  require  an  increase  in  refining  or  desulfurizing 
capacity  to  produce  low-sulfur  fuel  oil.  Such  plants  tend  to  be  located 
close  to  the  heavily  populated  areas  near  tidewater  and  deep  ocean 
harbors.  Some  air  pollution,  thermal  pollution  and  effluents  of  liquid 
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wastes  normally  are  associated  with  refining  or  desulfurizing  processes, 
but  these  are  controlled  to  tolerable  levels  in  most  areas.  Danger  of 
explosions,  fires,  and  oil  spills  exist  in  the  process  plants  and 
associated  oil  storage  areas.  The  incremental  increase  in  capacity  to 
produce  low-sulfur  fuel  oil  for  power  generation  as  an  offset  to  geo- 
thermal energy,  at  least  until  after  1980,  probably  would  be  managed 
mostly  by  expanding  existing  plant  capacity  without  significant 
increases  in  the  adverse  effects  on  the  environment  in  the  general 
vicinity.  Thereafter,  additional  plants  might  be  required  if  significant 
geothermal  development  does  not  take  place. 

(2)  Increased  Domestic  Production  - Alaska  North  Slope  Oil 

Under  the  Trans-Alaska  pipeline  proposal,  North  Slope  oil  would  be 
delivered  to  the  West  Coast.  If  the  Trans-Alaska  pipeline  as  proposed  is 
not  built.  West  Coast  oil  needs  probably  would  have  to  be  met  by  ad- 
ditional foreign  imports.  The  significance  of  North  Slope  oil  to  West 
Coast  oil  demand  was  shown  in  the  introduction  to  this  section.  Additional 
North  Slope  oil,  beyond  that  presently  being  developed,  could  be  con- 
sidered as  a substitute  supply  to  geothermal  energy  in  the  West  Coast  areas. 

The  broad  range  of  potential  environmental  impacts  associated  with  de- 
velopment and  production  of  2 million  barrels  of  oil  per  day  from  the 
Alaska  North  Slope  oil  resources  are  comprehensively  covered  in  the 
Department  of  the  Interior’s  Environmental  Impact  Statement  relative  to 
the  proposed  Trans-Alaska  pipeline  (Interagency  Task  Force,  1972,  Final 
Environmental  Impact  Statement-Proposed  Trans-Alaska  Pipeline) . 


The  Prudhoe  Bay  field  currently  is  estimated  to  contain  24  billion  barrels 
of  oil-in-place.  At  an  estimated  recovery  rate  of  40  percent,  the  cur- 
rent proved  recoverable  reserves  of  the  field  are  9.6  billion  barrels  of 
crude  oil.  These  reserves  alone  make  the  Prudhoe  Bay  field  the  largest 
ever  discovered  on  the  North  American  continent  (Halbouty,  November,  1970). 
Nevertheless,  the  9.6  billion  barrel  estimate  may  be  a conservative  indica- 
tion of  the  crude  oil  potential  of  the  field,  the  Arctic  Slope  province, 
and  the  adjacent  regions  of  the  Canadian  Arctic. 

Initial  estimates  of  the  reserves  of  newly  discovered  fields  seldom  indi- 
cate tt?eir  full  potential.  As  further  drilling  occurs,  the  proved  area 
of  pools  is  extended.  Further  developmental  drilling  and  production  provide 

additional  information  upon  which  more  accurate  estimates  of  reserves 
can  be  based.  The  application  of  secondary  recovery  techniques  in  the 
field  also  increases  the  amount  of  proved  reserves. 

The  current  reserve  estimate  for  the  Prudhbe  Bay  field  is  for  unextended 
pools  and  assumes  primary  recovery  only.  Since  the  Prudhoe  Bay  discovery 
is  quite  recent  and  since  relatively  few  wells  were  drilled  at  the  time 
this  estimate  was  made,  it  is  highly  probable  that  reserve  estimates  will 
increase  as  the  field  is  developed.  ARCO  officials  have  recently  indicated 
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that  they  hope  to  recover  ultimately  65  percent  to  70  percent  of  the  oil- 
in-place  (Oil  and  Gas  Journal,  April  17,  1972,  p.  40).  This  increase  in 
the  recoverable  percentage  would  increase  present  reserve  estimates  to  15.6 
to  16.8  billion  barrels  of  recoverable  reserves  from  present  estimates  of 
oil-in-place.  With  the  addition  of  possible  extensions,  it  is  likely  that 
at  least  20  billion  barrels  of  crude  oil  will  eventually  be  recovered  from 
the  Prudhoe  Bay  field.  This  would  make  it  the  fifth  largest  oil  field  ever 
discovered. 


(3)  Increased  domestic  production  - Continental  Shelf  leasing  and 

production 

This  alternative  would  require  increased  exploration,  development,  and 
production  of  crude  oil  from  offshore  areas  in  the  lower  48  States  and 
Alaska.  To  be  effective,  however,  it  would  require  that  production  from 
offshore  areas  be  established  over  and  above  that  production  from  opera- 
tions conducted  under  the  accelerated  lease  sale  schedule.  A significant 
increase  in  the  production  of  crude  oil  supplies  from  offshore  areas  can 
come  from  development  on  existing  leases  and  issuance  of  new  leases  and 
development  of  new  reserves.  However,  such  increase  probably  cannot  be 
considered  as  an  alternative  to  geothermal  resource  development  since  it 
already  is  programmed  for  accelerated  development  to  meet  rapidly  growing 
domestic  needs.  The  President,  in  his  1973  Energy  Message,  issued  the 
following  instructions  relative  to  OCS  leasing: 

"Since  1954,  the  Department  of  the  Interior  has  leased  to  private 
developers  almost  8 million  acres  on  the  Outer  Continental  Shelf.  But 
this  is  only  a small  percentage  of  these  potentially  productive  areas. 

At  a time  when  we  are  being  forced  to  obtain  almost  30  percent  of  our  oil 
from  foreign  sources,  this  level  of  development  is  not  adequate. 

"I  am  therefore  directing  the  Secretary  of  the  Interior  to  take  steps 
which  would  triple  the  annual  acreage  leased  on  the  Outer  Continental 
Shelf  by  1979,  beginning  with  expanded  sales  in  1974  in  the  Gulf  of  Mexico 
and  including  areas  beyond  200  meters  in  depth  under  conditions  consistent 
with  my  oceans  policy  statement  of  May,  1970.  By  1985,  this  accelerated 
leasing  rate  could  increase  annual  energy  production  by  an  estimated  1.5 
billion  barrels  of  oil  (approximately  16  percent  of  our  projected  oil 
requirements  in  that  year), and  5 trillion  cubic  feet  of  natural  gas 
(approximately  20  percent  of  expected  demand  for  natural  gas  that  year) . 

"In  the  past,  a central  concern  in  bringing  these  particular  resources 
into  production  has  been  the  threat  of  environmental  damage.  Today,  new 
techniques,  new  regulations  and  standards,  and  new  surveillance  capabilities 
enable  us  to  reduce  and  control  environmental  dangers  substantially.  We 
should  now  take  advantage  of  this  progress.  The  resources  under  the  Shelf, 
and  on  all  our  public  lands,  belong  to  all  Americans,  and  the  critical 
needs  of  all  Americans  for  new  energy  supplies  require  that  we  develop 
them. 
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"If  at  any  time  it  is  determined  that  exploration  and  development  of 
a specific  shelf  area  can  only  proceed  with  inadequate  protection  of  the 
environment,  we  will  not  commence  or  continue  operations.  This  policy  was 
reflected  in  the  suspension  of  35  leases  in  the  Santa  Barbara  Channel  in 
1971.  We  are  continuing  the  Santa  Barbara  suspensions,  and  I again 
request  that  the  Congress  pass  legislation  that  would  provide  for  appro- 
priate settlement  for  those  who  are  forced  to  relinquish  their  leases  in 
the  area. 


The  estimated  reserves  of  the  Prudhoe  Bay  field  do  not  exhaust  the  petro- 
leum potential  of  the  Arctic  Slope  province  in  Alaska.  The  Prudhoe  Bay 
field  is  located  in  the  Colville  Basin.  Geologically,  this  basin  is  clas- 
sified as  an  intermediate  crustal  type,  i.e.,  its  underlying  crust  is 
intermediate  to  that  beneath  oceans,  the  basin  itself  being  extracontinental 
(located  on  the  margin  of  a continent)  and  sloping  downward  into  a small 
ocean  basin.  Extracontinental,  downward  warping  basins  are  among  the 
richest  sources  of  oil  and  gas  in  the  world.  Examples  of  such  basins  in- 
clude the  Arabian  platform  and  Iranian  basin  (Persian  Gulf) , the  East 
Texas  basin  and  the  Tampico  embayment  (Mexico).  Over  one-half  of  the  119 
known  oil  fields  with  at  least  1 billion  barrels  of  recoverable  reserves 
are  found  in  the  10  known  basins  of  this  type  (Halbouty,  1970). 

The  ultimate  potential  on  the  onshore  area  in  the  Arctic  Slope  province 
(excluding  the  Arctic  Wildlife  Refuge  but  including  Naval  Petroleum  Reserve 
No.  4)  is  uncertain.  The  platform  along  the  Arctic  coast  gives  considerable 
geologic  indications  of  being  very  favorable  for  both  oil  and  gas  (Gryc, 
1971).  Comparison  with  the  history  of  similar  basins  indicates  a high 
probability  of  further  discoveries  of  varying  size.  One  estimate  made 
prior  to  the  release  of  detailed  information  on  the  Prudhoe  Bay  field  sug- 
gested an  ultimate  recovery  of  up  to  30  billion  barrels  for  the  province 
including  speculative  reserves  (Crain) . Other  professional  estimates  made 
before  and  since  that  time  (which  incorporate  higher  recovery  rates  as 
well  as  greater  optimism  about  additional  discoveries)  are  somewhat  higher, 
ranging  up  to  40  to  50  billion  barrels.  Considerably  higher  estimates  than 
these  have  been  made,  but  the  geologic  evidence  for  them  is  lacking. 

Additional  North  Slope  production  beyond  the  2 million  bbls.  per  day  now 
planned  for  West  Coast  delivery  probably  would  go  to  the  midwestern  or 
eastern  U.S.  markets. 
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"At  the  same  time,  I am  directing  the  Secretary  of  the  Interior  to 
proceed  with  leasing  the  Outer  Continental  Shelf  beyond  the  Channel  Islands 
of  California  if  the  reviews  now  underway  show  that  the  environmental  risks 
are  acceptable. 


"I  am  also  asking  the  Chairman  of  the  Council  on  Environmental  Quality 
to  work  with  the  Environmental  Protection  Agency,  in  consultation  with  the 
National  Academy  of  Sciences  and  appropriate  Federal  agencies,  to  study 
the  environmental  impact  of  oil  and  gas  production  on  the  Atlantic  Outer 
Continental  Shelf  and  in  the  Gulf  of  Alaska.  No  drilling  will  be  under- 
taken in  these  areas  until  its  environmental  impact  is  determined.  Gover- 
nors, legislators  and  citizens  of  these  areas  will  be  consulted  in  this 
process." 


From  1954  through  1972,  total  offerings  have  been  4,073  tracts  which  included 
15.3  million  acres.  Leases  were  awarded  for  1,838  tracts  totaling  nearly  8.1 
million  acres.  To  date,  approximately  2 percent  of  the  potentially  pro- 
ductive OCS  lands  have  been  leased.  The  Federal  OCS  has  produced  nearly 
3 billion  barrels  of  oil  and  15  trillion  cubic  feet  of  natural  gas.  OCS 
leases  are  now  producing  over  400  million  barrels  of  oil  and  3 trillion 
cubic  feet  of  natural  gas  annually.  Thus,  for  1971,  the  OCS  production 
represented  7.2  percent  of  the  total  U.S.  oil  demand  and  13.6  percent  of 
the  total  natural  gas  demand. 

In  1971,  total  domestic  oil  production  was  4.1  billion  barrels,  and  of 
this  amount,  9.4  percent  came  from  the  OCS.  Also,  of  the  21.2  trillion 
cubic  feet  of  domestic  natural  gas  produced,  12.5  percent  came  from  the 
.OCS.  These  production  relationships  are  expected  to  increase  rapidly  as 
additional  areas  are  leased  and  brought  into  production.  Under  an  accel- 
erated leasing  program  involving  three  lease  sales  annually  of  1 million 
acres  each,  current  estimates  indicate  the  following  potential  relation- 
ships : 


Percent  of 
Total  Demand 
1985  1990 


Percent  of 
Domestic  Production 
1985  1990 


Oil 

Gas 


19.2  30.3  44.2  90 

22.7  30.3  49  79 


It  must  be  recognized  that  estimates  such  as  this  involve  numerous  ele- 
ments of  great  uncertainty,  particularly  in  terms  of  the  volume  and  timing 
of  new  discoveries  onshore  and  offshore.  They  primarily  indicate  potential 
order  of  magnitude  relationships. 


IV -86 


The  U.S.  continental  seabed  area  encompasses  some  1,332  thousands  of 
square  statute  miles: 


Region 

State 

lands* 

Between  State 
limit  & 200 
meter  depth 

Between  200  & 
2,500  meter 
depths 

Total 

Hawaii 

.. 

0.4** 

3.6 

4.0 

Alaska 

22.9 

560.0 

212.2 

795.1 

Wash.,  Ore.,  and 
Calif. 

4.5 

15.4 

76.2 

96.1 

Gulf  Coast 

13.5 

107.5 

84.2 

205.2 

Atlantic  Coast 

7.1 

122.0 

102.5 

231.6 

Total 

48.0 

805.3 

478.7 

1,332.0  1/ 

* Areas  within  3 nautical  miles  of  coastline,  except  for  Texas  and  the 
Gulf  Coast  of  Florida  where  the  boundaries  are  3 leagues  distant. 

**  Includes  State  areas. 


Estimated  United  States  OCS  potential  resources  occurring  originally  in 
place  may  total  as  much  as  1,400  billion  barrels  of  oil.  Of  this  amount, 
approximately  50  percent  is  estimated  to  be  located  within  200  meters  and 
the  remaining  50  percent  between  200  meters  and  2,500  meters. 


The  OCS  is  more  attractive  than  onshore  areas  for  oil  and  gas  exploration 
because  most  of  the  promising  onshore  geologic  provinces  have  been  in- 
tensively investigated  and  the  most  accessible  and  favorable  formations 
have  been  explored  and  developed.  There  still  are  large  quantities  of 
oil  and  gas  to  be  discovered  onshore;  but  exploration  and  development  costs 
will  be  much  greater  due  to  the  nature  and  depth  of  the  prospective!  for- 
mations. By  contrast,  OCS  areas  have  not  been  developed.  There  are  many 
favorable  prospective  areas  that  offer  great  promise  for  significant 
production  at  reasonable  cost. 

Properly  conducted  petroleum  exploratory  and  development  operations 
should  not  have  unacceptable  adverse  impacts  on  the  environment  of  the 
offshore  areas.  However,  if  oil  spills  occur,  these  could  result  in  ex- 
tensive short-term  damage  to  beaches  and  wildlife  and  temporary  cur- 
tailment of  other  uses  in  the  area  of  the  spill.  The  long-term  environ- 
mental effects  of  such  a crude  oil  spill  are  not  adequately  known. 


1/  Figures  are  souare  statute  miles. 
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In  March,  1973,  the  U.S.  Geological  Survey  made  the  following  estimates 
for  the  resource  base  of  U.S.  Offshore  oil  and  gas  on  Federal  lands: 

U.S.  Oil  and  Gas  Reserves  and  Resources 
(Oil* **  in  billions  of  barrels;  gas  in  trillions  of  cubic  feet) 


Proved 

Reserves 

Recoverable 

Resources 

Offshore  *** 

Oil 

Gets 

Oil 

Gcis 

Total 

5.84 

38.8 

201.2 

1,077.2 

Alaska 

— — 

— — 

62.0 

280.0 

Pacific 

2.30 

2.0 

15.7 

171.0 

Gulf  of  Mexico 

3.54 

36.8 

75.5 

406.2 

Atlantic 

— 

— 

48.0 

220.0 

* Includes  natural  gas  liquids 

**  Does  not  include  proved  reserves 

***  Includes  shelf  and  slope  to  2,500  meter  depth 

Proved  reserves  are  reserves  calculated  from  numerous  known  parameters  at 
the  wellhead  while  recoverable  resources  include  all  other  known  oil  and 
gas  resources,  less  that  amount  which  cannot  be  recovered.  Recoverable 
resources  figures  are  derived  from  a volumetric  measure  of  sediment  and 
from  the  best  geologic  information  available. 

(a)  Exploration  and  production.  The  initial  effort  in  offshore  explora- 
tion involves  geophysical  exploration  activity.  Exploratory  seismological 
surveys  have  little  lasting  impact.  The  principal  effect  is  similar  to 
the  impact  of  surface  use  for  commercial  and  sport  boating  on  the  marine 
environment.  During  development,  some  disposal  into  the  sea  of  trash, 
debris,  bilge  wastes,  and  spills  of  crankcase  oil  and  engine  fuel  probably 
will  occur  from  a variety  of  crew  boats,  service  vessels,  tugs,  and  drill- 
ing rigs  which  operate  in  the  offshore  area.  However,  existing  regulating 
actions  of  the  Coast  Guard  and  the  Geological  Survey  are  designed  to  elimi- 
nate or  minimize  these  occurrences.  As  exploratory  drilling  vessels  or 
rigs  occupy  a single  location  for  a limited  period  of  time,  the  duration 
and  the  seriousness  of  any  adverse  environmental  impact  on  the  immediate 
vicinity  depends  on  the  magnitude  of  any  pollution  occurring  there  as  a 
result  of  surface  winds,  tides,  currents,  bottom  scouring,  and  water  tem- 
perature which  tend  to  concentrate,  dilute  through  dissipation,  or  trans- 
port pollutants  elsewhere.  Most  adverse  environmental  impacts  can  be 
avoided  by  enforcement  of  regulations  and  controls.  There  are  organized 
measures  that  will  be  taken  if  such  spills  do  occur. 
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One  of  the  major  potentials  for  serious  pollution  of  offshore  waters  by 
hydrocarbons  is  an  uncontrolled  flow  of  oil  or  condensate  from  wells 
drilled  from  platforms  or  drilling  vessels . This  could  be  either  a blow- 
out during  drilling  operations  or  production  mishaps  from  a failure  of 
facilities  or  human  error.  Normally,  drilling  muds  and  blowout  prevention 
devices  control  the  natural  pressure  in  a well;  nevertheless,  blowouts  do 
occur.  Facilities  can  fail,  thus  causing  a release  of  hydrocarbons  into 
the  ocean,  but  with  proper  design,  installation,  and  maintenance  under 
existing  OCS  orders,  the  frequency  of  such  failures  can  be  minimized. 
Adverse  impact  depends  largely  upon  the  amount  of  oil  that  escapes  to  the 
marine  environment  and  local  characteristics  noted  above  which  control 
the  distribution  of  the  resulting  pollution.  With  proper  safeguards,  the 
adverse  effects  can  be  minimized. 

Data  compiled  from  the  Pollution  Incident  Reporting  System  (PIRS)  of  the 
U.S.  Coast  Guard  show  that  in  1970  there  were  12  spills  attributed  to 
offshore  oil  wells.  The  total  quantity  of  oil  involved  was  estimated  to 
be  111,900  barrels.  When  related  to  the  589,127,000  barrels  of  oil  pro- 
duced in  offshore  areas,  spills  attributed  to  offshore  production  are 
extremely  small  (0.02  percent).  There  were  23  spills  attributed  to  off- 
shore pipelines  with  only  one  of  significant  size.  Twenty-two  spills  were 
estimated  to  average  5 barrels  per  spill.  A total  of  295  spills  were 
attributed  to  barges.  Average  size  of  the  spill  was  estimated  at  approxi- 
mately 66  barrels  per  spill. 

The  construction  of  offshore  drilling  platforms  can  cause  some  temporary 
turbidity  of  the  water  which  may  damage  aquatic  life,  including  shell- 
fisheries  located  on  the  ocean  floor  in  the  immediate  vicinity  of  the 
facility;  however,  such  turbidity  would  occur  only  during  the  setting  of 
the  platform  structure. 

As  of  August  31,  1972,  over  1,893  platforms,  including  single  and  multi- 
well structures,  have  been  installed  in  OCS  Gulf  of  Mexico  waters.  Tur- 
bidity resulting  from  the  placement  of  drilling  and  production  platforms 
involves  a small  area  and  is  of  short  duration.  Destruction  of  the  benthos 
is  also  confined  and  only  involves  a few  square  feet  for  each  piling. 

Since  the  advent  of  offshore  oil  and  gas  activities,  many  species  of  fin 
fish  have  become  concentrated  around  the  drilling  structures,  which  pro- 
vide; an  artificial  habitat.  Among  these  are:  red  snappers,  groupers, 

trigger  fish,  spade  fish,  giant  sea  bass,  pompano,  and  many  smaller 
species.  There  is  evidence  that  these  species  and  other  larger  seasonal 
game  fish, such  as  sail  and  bill  fish  have  appeared  since  the  offshore  oil 
industry  became  active.  The  platforms  create  unique  offshore  artificial 
environments  which  attract  and  concentrate  many  predatory  species,  pro- 
viding favorable  fishing  sites  for  sportsmen  and  commercial  snapper  fish- 
ermen. The  long-term  effects  of  this  intense  species  concentration,  in 
lieu  of  the  more  random  distribution  patterns,  are  not  known,  but  natural 
predatory-prey  relationships  could  be  affected. 
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Platforms  and  drilling  rigs  in  view  of  land  may  disturb  the  scenic  views 
and  vistas  of  coastal  inhabitants  and  tourists  and  the  open  space  qualities 
of  the  seascape.  The  distance  from  shore  at  which  a structure  can  be  seen 
is  mainly  a function  of  the  height  of  the  structure  and  visibility.  For 
example,  a 100-foot  high  platform  drops  below  the  horizon  at  16  miles 
while  a 169-foot  high  platform  disappears  at  20  miles.  Visibility  condi- 
tions may  also  reduce  the  distance  at  which  a platform  may  be  seen. 

Despite  thia  installation  of  navigational  aids,  the  erection  of  additional 
platforms  on  the  OCS,  particularly  those  adjacent  to  fairways,  is  a poten- 
tial hazard  to  shipping.  Safety  fairways  have  been  established  to  permit 
safe  passage  of  vessel  traffic  into  and  out  of  ports.  Anchorage  areas  are 
similarly  designated  for  safety  purposes.  While  exploratory  drilling  in 
shipping  lands  is  permitted  with  approval  by  the  Corps  of  Engineers, 
installation  of  fixed  structures  is  prohibited  under  33  U.S.C.  403  and 
43  U.S.C.  1333(f).  Production  can  be  initiated  by  directional  drilling 
from  a portion  of  the  tract  outside  the  lane  or  from  adjacent  leaseholds 
outside  of  fairways.  In  some  cases,  platforms  act  as  aids  to  navigation 
by  providing  a reference  point  from  which  a ship  may  find  its  position. 

They  have  also  been  used  as  refuges  by  sport  fishermen  in  rough  weather. 

Platforms  may  be  obstacles  to  commercial  fishing  when  fish  trawling  equip- 
ment is  used.  The  noise  of  drilling  rigs,  acoustical  warning  devices,  and 
support  vessel  traffic  operating  in  rivers,  canals,  and  on  the  open  sea 
could  also  be  expected  to  have  an  effect  on  the  coastal  area  environment. 

Debris  means  those  substances  which  are  discharged  or  thrown  into  the  sea 
(excluding  waste  water)  as  the  result  of  a platform  or  support  operation. 

The  improper  disposal  of  this  debris  (trash,  drilling  muds,  bilge  wastes, 
and  spills  of  crankcase  oil  and  engine  fuel)  characterizes  other  possible 
kinds  of  vessel  or  platform-related  sources  of  pollution.  Toxic  debris 
such  as  paints  and  thinners  can  poison  and  cause  the  death  of  some  organ- 
isms. Floating  nonbiodegradable  debris  is  unsightly  to  tourish  and 
recreational  use  and  poses  a hazard  to  small  craft.  Sinking  debris  can 
foul  and  damage  commercial  fishing  nets.  It  may  act  as  an  artificial  reef. 
Some  of  the  biodegradable  material  may  be  eaten  by  some  marine  organisms. 
The  amount  of  debris  discharged  into  the  environment  as  a result  of  OCS 
operations  has  been  found  to  be  small  due  to  enforcement  of  pertinent 
regulations.  For  an  extensive  discussion  of  all  types  of  debris,  including 
regulations  and  methods  of  enforcement  concerning  their  discharge,  see  the 
aforementioned  OCS  Statement. 

(b)  Oil  spills.  During  the  period  1964-1971,  39  significant  recorded  oil 
spills  involving  50  barrels  or  more  of  oil  and  condensate  occurred  on 
Federal  OCS  lands.  1/  The  estimated  total  volume  of  oil  spilled  as  a result 


1/  Data  taken  from  a table  prepared  by  Offshore  Operations  Section,  U.S. 
Geological  Survey,  "Accidents  Connected  with  Federal  Oil  and  Gas 
Operations  in  the  Outer  Continental  Shelf  Thru  1971." 
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of  these  incidents  is  slightly  less  than  280,000  barrels.  During  this 
same  period,  more  than  2 billion  barrels  of  oil  and  condensate  were  pro- 
duced in  the  Gulf  of  Mexico,  offshore  Texas  and  Louisiana,  and  on  the 
Pacific  Coast  OCS.  The  amount  of  recorded  spills  represent  approximately 
0.014  percent  of  the  oil  and  condensate  produced  in  the  OCS  during  the 
same  period. 


Number  of 

Total 

Total  % 

of  Production 

Year 

Incidents 

Product ion/bb 1 . 

Spilled/bbl. 

Spilled 

1964 

5 

122,500,126 

14,928 

0.0122 

1965 

1 

144,968,615 

500 

0.0003 

1966 

0 

188,714,070 

0 

0 

1967 

2 

221,861,614 

160,704 

0.072 

1968 

2 

266,936,001 

6,085 

0.0023 

1969 

8 

302,919,143 

10,924 

0.0036 

1970 

7 

335,658,540 

84,323 

0.0251 

1971 

20 

387,445,398 

1,473 

0.0004 

The  number 

of  incidents 

shows  an  increase 

starting  in  1969. 

This  is  the 

same  year  that  Gulf  of  Mexico  OCS  operating  orders  became  effective 
requiring  the  recording  of  all  spills,  reporting  of  all  spills  greater 
than  15  barrels,  daily  inspection  of  manned  facilities,  and  regular 
inspections  of  unmanned  facilities.  There  has  been  a total  of  10  oil 
spills  of  1,000  barrels  or  more  in  over  18  years  of  OCS  leasing.  Six  out 
of  the  10  major  oil  spills  occurred  during  the  period  from  1964-1968  and 
four  during  the  period  following  implementation  of  the  OCS  operating 
orders  of  1969-1971. 

During  the  first  9 months  of  1972,  839  minor  spills  of  less  than  50  barrels 
involving  836  barrels  (42  gals/bbl)  of  oil  were  recorded  by  the  Geological 
Survey  from  OCS  oil  and  gas  operations  in  the  Gulf  of  Mexico.  The  majority 
of  these  spills  (682)  involved  1 barrel  of  oil  or  less  totaling  170  barrels. 
Only  five  spills  exceeded  15  barrels  of  oil  (141  barrels) . An  additional 
499  oil  slicks  from  unidentified  sources  were  sighted  in  the  first  9 months 
of  1972  and  are  not  positively  related  to  offshore  drilling.  There  is 
evidence  of  natural  oil  seepage  in  the  Gulf  of  Mexico  and  possibly  these 
natural  seeps  could  be  the  source  of  some  oil  slicks  classified  as  being 
from  an  "unidentified  source." 

Blowouts  during  exploratory  drilling  pose  the  greatest  potential  for 
serious  pollution  of  offshore  waters  by  hydrocarbons  and  of  air  quality  by 
fire.  Normally,  drilling  muds  and  blowout  prevention  devices  control  the 
natural  pressure  in  a well;  nonetheless,  blowouts  do  occur.  From  June  9, 
1956,  to  July  18,  1971,  35  blowouts  occurred  on  Federal  OCS  oil  and  gas 

operations.  Ten  of  the  35  blowouts  resulted  in  a total  oil  or  condensate 

spillage  of  79,680  barrels.  Fire  occurred  in  10  of  the  35  blowouts;  eight 
of  the  fires tburned  gas  only.  During  the  15-year  period,  10  blowouts 
resulted  in  oil  or  condensate  spills  into  the  water  and  two  of  the  10 

blowouts  had  oil  fires  which  impacted  on  air  quality. 
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Since  1954,  there  have  been  11  major  oil  spills  (both  blowouts  and  pipeline 
incidents)  of  1,000  barrels  or  more.  Three  of  the  11  major  spills  were  the 
result  of  pipeline  ruptures  or  leaks  and  the  remaining  were  the  result  of 
{accidents  which  occurred  on  specific  platforms  and  tracts  during  operations. 
Historically,  this  represents  a ratio  of  one  major  oil  spill  per  141  tracts 

leased,  and  one  major  spill  resulting  from  pipeline  breaks  and  ruptures  per 
518  tracts  leased. 

(c)  Collisions  resulting  from  conflict  between  ship  navigation  and  offshore 
structures . During  the  period  July  1,  1962,  through  June  30,  1971,  the 
Coast  Guard  recorded  24  incidents  of  collisions  between  vessels  and  fixed 
platforms.  Total  damages  were  estimated  to  be  about  $0.4  million  to  vessels 
and  $3.4  million  to  the  structures.  Only  four  injuries  and  no  deaths  were 
reported.  During  the  time  period  1957-1971,  the  Geological  Survey  recorded 
only  one  significant  spill  of  oil — 2,560  barrels--associated  with  ship- 
platform  collisions. 

(d)  Accidental  deaths  and  inj-uries  on  oil  industry  structures  and  vessels. 
Information  supplied  by  the  U.S.  Coast  Guard  reveals  that  a total  of  94  indivi- 
duals were  killed  as  a result  of  accidents  involving  construction  and  opera- 
tion of  drilling  vessels,  workboats,  mobile  drill  rigs,  and  artificial 
islands  in  the  Gulf  of  Mexico  and  adjacent  navigable  inland  waters  during 

the  period  1964-1971.  Of  these  94  deaths,  approximately  60  occurred  in 
water  approximately  equal  to  the  Federal  OCS  area.  These  figures  do  not 
include  deaths  resulting  from  accidents  in  which  no  vessel  or  rig  damage 
occurred  (i.e.,  persons  falling  or  knocked  overboard,  crushed  by  drilling 
equipment,  etc.).  Partial  figures  for  fiscal  years  1967  through  1971 
indicate  that  approximately  25  persons  were  killed  in  oil  operations  in 
the  Gulf  of  Mexico  (both  inland  and  international  waters)  where  no  casu- 
alty to  the  vessel  was  involved. 

(e)  Environmental  impacts . The  marine  environment  is  rich  in  both  its 
variety  and  number  of  marine  life.  Pollution  affects,  in  varying  degrees, 
all  forms  of  marine  plant  and  animal  life  throughout  the  food  chain.  The 
precise  effects  of  oil  spillage  on  the  marine  food  chain  or  food  web  (which 
consists  of  plants,  bacteria,  and  small  marine  organisms)  are  not  well 
understood  because  of  the  side  fluctuations  and  cycles  that  occur  natur- 
ally and  are  totally  independent  of  the  effects  of  oil.  The  degree  of 
pollution,  duration,  constituency  of  the  fuel,  and  the  physical  conditions 

under  which  it  occurs  determine  the  extent  of  the  impact.  After  pollution 
has  occurred,  a normal  balance  may  be  regained  in  a short  period  of  time 
or  the  impact  may  be  more  severe  with  recovery  requiring  a span  of  many 
years.  Little  is  known  of  what  effect  the  chronic  incremental  discharge 
of  oil,  associated  with  normal  drilling  and  production  operations,  may  have 
on  the  marine  food  web.  In  any  case,  the  normal  "health"  of  the  ecosystem 
is  disrupted  and  a balance  is  lost  during  the  period  of  recovery. 
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Pelagic  seabirds  frequently  are  the  most  obvious  victims  of  oil  pollution 
because  they  are  likely  to  come  into  direct  contact  with  the  oil.  Contami 
nation  of  oil  destroys  the  waterproof  qualities  of  their  plumage,  a condi- 
tion from  which  they  seldom  recover,  even  when  careful  rehabilitation  is 
attempted.  Harm  to  the  birds  from  contact  with  oil  is  reported  to  be  the 
result  of  a breaking  down  of  the  natural  insulating  oils  and  waxes  shield- 
ing the  birds  from  water  with  the  consequent  loss  of  body  heat.  The  1969 
Santa  Barbara  oil  spill  resulted  in  the  known  death  of  3,686  birds  and 
many  marine  organisms  at  the  intertidal  zone.  Efforts  to  cleanse  or 
rehabilitate  contaminated  birds  generally  have  been  unsuccessful.  Less 
than  20  percent  of  the  treated  birds  survived  the  Santa  Barbara  cleanup 
attempts.  Similarly,  bird  species  are  vulnerable  if  beaches  and  marshes 
become  contaminated  by  oil,  especially  if  vegetation  and  food  sources  are 
destroyed.  In  the  northern  hemisphere,  hundreds  of  thousands  of  swimming 
and  diving  birds  have  perished  from  oil  pollution  during  and  since  World 
War  II,  and  a marked  reduction  of  some  nesting  populations  of  sea  birds 
from  such  mortality  has  been  documented  (Aldrich,  J.W.,  1970).  However, 
no  such  problems  has  been  documented  in  the  Gulf  of  Mexico  as  a result  of 
oil  spills  on  the  OCS. 

Equipment  and  procedures  for  recovering  oil  spilled  in  protected  waters 
are  well  developed,  but  similar  capability  in  the  open  sea  is  limited. 
There  are  no  recovery  devices  capable  of  picking  up  oil  in  rough  seas 
with  wave  levels  over  5 feet.  The  use  of  sorbents  which  have  an  affinity 
for  oil  poses  specific  problems:  distributing  sorbent  over  the  area 

affected  by  the  oil  spill  is  difficult,  particularly  in  high  winds;  there 
is  no  effective  procedure  for  collecting  the  sorbent  after  contact  with 
spills;  and  treating  or  disposal  of  such  oil-saturated  materials  is  diffi- 
cult. The  chemical  and  physical  process  and  potential  impacts  of  sinking 
oil  to  the  ocean  bottom  is  particularly  undesirable  in  shellfish  producing 
intertidal  areas.  The  use  of  dispersants  on  spills  introduces  the  problem 
of  toxicity  of  such  materials  if  they  are  poorly  handled  or  are  not  prop- 
erly diluted  in  the  water  column  (NPC,  1972). 

Marine  life  also  may  be  affected  by  efforts  to  remove  the  surface  oil. 
Emulsifiers  as  well  as  natural  storm  action  remove  oil  from  the  surface  by 
redistributing  it  as  minute  droplets  throughout  the  water  column.  In  this 
condition,  oil  is  more  susceptible  to  biological  and  chemical  degradation, 
although  in  combination  with  such  chemicals  it  is  usually  more  toxic. 
Furthermore,  the  oil-treating  chemicals  themselves  have  been  found  to  be 
more  toxic  than  crude  oil  in  many  instances. 
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Nearshore,  estuarine,  and  coastal  environments  are  adversely  affected  as 
a result  of  oil  spills  if  current  and  wind  conditions  are  such  that  the 
spilled  oil  is  transported  shoreward  in  large  amounts.  Beaches,  water 
recreation  areas,  and  historic  sites  could  be  rendered  temporarily  unus- 
able, resulting  in  a loss  of  recreational  enjoyment  and  economic  benefit 
to  the  local  populace. 

Water  sports  such  as  swimming,  diving,  spear f ishing,  underwater  photog- 
raphy, fishing  for  finfish  and  shellfish,  boating,  and  water  skiing  would 
be  most  directly  affected.  Other  marine-related  activities  such  as  beach- 
combing, shelling,  seascape  painting,  shoreline  nature  study,  camping,  and 
sunbathing  would  be  made  much  less  attractive  for  an  indeterminate  period, 
depending  upon  the  promptness  and  efficiency  of  the  cleanup  effort. 

Much  more  critical  in  terms  of  total  value  is  the  degradation  of  estuarine 
and  marsh  areas  which  are  vital  to  the  ecology  as  nursery  grounds.  There 
has  been  one  case  where  mortality  of  organisms  in  the  immediate  area  of  a 
No.  2 fuel  oil  spill  was  relatively  high  (95  percent),  and  within  one  year 
after  the  spill,  repopulation  was  occurring  at  most  of  the  stations  of  the 
study.  Larvae  of  the  commercially  important  species  such  as  oysters,  crabs, 
and  shrimp  which  use  marshes  and  estuaries  to  feed  and  grow  are  also 
affected  by  spilled  hydrocarbons.  Continued  research  on  the  impact  of  oil 
spills  on  onshore  organisms  will  provide  more  definitive  answers  to  the 
questions  of  mortality  and  repopulation  by  indigenous  organisms. 

(f)  Waste  Water.  A production  element  which  can  contribute  to  offshore 
pollution  is  the  disposal  of  waste  water  associated  with  oil  production. 
Although  the  volume  of  such  waste  discharge  may  be  small,  an  increase  in 
offshore  oil  activity  and  the  advancing  state  of  depletion  of  water-drive 
fields  will  cause  waste  of  this  kind  to  be  an  important  consideration. 

The  oil  content  of  waste  water  discharged  as  a result  of  OCS  operations 
is  limited  to  an  average  of  not  more  than  50  ppm  under  OCS  Order  No.  8. 

In  Federal  areas  offshore  Louisiana,  1,935  structures  produce  a total  of 
1 million  barrels  of  oil  per  day;  waste  water  is  discharged  from  approxi- 
mately 214  of  the  structures.  Total  waste  water  production  is  about 

420.000  barrels  per  day;  240,000  barrels  are  transported  to  shore  and 

180.000  barrels  are  discharged  into  the  sea.  The  largest  volume  of  waste 
water  .discharged  at  a single  location  is  approximately  20,000  barrels  per 
day.  The  decision  to  separate,  treat,  and  discharge  waste  water  on  the 
platform  or  pipe  it  to  shore  depends  primarily  on  whether  or  not  space 
exists  on  the  platform  for  separating  facilities  and  if  pipeline  capacity 
is  available.  The  oil  content  of  waste  water  discharged  in  OCS  operations 
in  the  Gulf  of  Mexico,  which  averaged  40.8  ppm  in  March  1972,  can  con- 
tribute as  much  as  7.3  barrels  of  oil  per  day  to  the  Gulf  of  Mexico  waters. 

During  1971,  approximately  16  barrels  of  oil  may  have  been  introduced  into 
the  ocean  daily,  either  from  minor  spills  or  waste  water  discharge.  Based 
on  these  figures,  each  increase  in  production  of  100,000  barrels  per  day 
could  contribute  an  additional  1 to  3 barrels  of  oil  per  day  from  continuous 
pollution  sources  on  the  OCS  in  addition  to  spills  from  unidentified  sources. 
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There  is  little  research  on  the  effects  of  waste  water  discharge  on  the 
environment.  Two  studies  to  date  have  produced  diametrically  opposite 
results.  One  study  indicated  that  due  to  the  extreme  salinity  (between 
6.1  and  27.0  percent  dissolved  salts),  and  the  difference  in  proportion 
of  salts  in  waste  water  and  sea  water,  that  where  quantities  were  dumped 
into  a stream  the  biota  was  destroyed.  When  the  brine  was  diluted  measure- 
ably  by  rainfall,  the  fauna  moved  back  into  the  area  of  pollution.  The 
other  study  observed  that  results  of  brine  effluent  in  a stream  had  no 
observable  effect  at  a distance  of  a few  feet  from  the  discharge  pipe. 

The  study  goes  on  to  state  that  there  may  even  be  a "fertilizing"  effect 
due  to  the  introduction  of  the  brine.  These  studies  are,  at  best,  mini- 
mal evidence  on  which  to  base  a sound  judgment  of  the  effect  of  waste 
water  on  the  environment. 

(g)  Pipeline  construction.  Pipelines  laid  offshore  are  buried  (required 
by  BLM  administrative  procedures  for  water  depth  of  200  feet  or  less)  to 
avoid  the  danger  of  being  struck  or  dragged  by  ship  anchors  as  well  as  to 
avoid  movement  in  the  event  of  strong  water  currents  in  times  of  intense 
storms  such  as  hurricanes.  Approximately  98  percent  of  the  oil  and  all 
the  natural  gas  produced  offshore  is  transported  to  shore  by  pipeline  and 
the  remaining  2 percent  is  transported  by  barge.  Although  well  blowouts 
attract  the  most  attention,  spillage  of  oil  due  to  the  rupture  of  pipelines 
which  transport  offshore  production  to  shore  terminals  can  be  serious. 
During  the  last  decade,  ruptured  pipelines  caused  more  pollution  than 
drilling  and  production  operations.  From  1967-1971,  there  were  nine  pipe- 
line breaks  or  leaks  of  50  barrels  or  more  connected  with  OCS  oil  and  gas 
operations,  totalling  174,848  barrels.  The  largest,  a spill  of  160,639 
barrels  of  oil  caused  by  a pipeline  leak  due  to  anchor  dragging,  occurred 
on  October  15,  1967. 

Pipeline  construction  in  marsh  areas  resulting  from  OCS  operations  will 
cause  temporary  damage  and  disturbance  of  benthic  organisms.  Depending 
upon  existing  environmental  conditions,  some  of  this  damage  may  be  perma- 
nent. When  pipelines  are  buried  in  coastal  marshes,  it  has  been  a common 
practice  to  dredge  canals  in  which  to  place  them.  Such  pipeline  canals 
increase  the  ratio  of  water  to  wetlands  by  physically  removing  the  coastal 
marshes,  by  facilitating  drainage  of  fresh  water  necessary  to  maintain 
diluted  conditions  in  the  estuaries,  and  by  increasing  the  rate  of  salt 
water  intrusion  from  the  more  highly  saline  coastal  waters.  The  dredging 
and  redepositing  of  the  displaced  sediment  also  disturbs  the  local  habitat 
of  aquatic  plants  and  animals.  Recent  studies  made  by  Louisiana  State 
University  (1970)  indicate  that  16.5  square  miles  of  marsh  have  been 
destroyed  each  year  in  coastal  Louisiana  by  erosion,  subsidence,  and  con- 
struction. Most  of  this  destruction  is  attributable  to  natural  causes, 
including  hurricanes,  but  some  annual  marsh  destruction  can  be  attributed 
directly  to  canal  dredging  operations  associated  with  the  oil  industry 
and  to  construction  of  pipeline  canals.  Some  of  these  pipeline  canals 
serve  onshore  production  and  others  serve  offshore  production. 
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Adverse  effects  of  pipeline  construction  may  be  either  short-term  or 
permanent  and  may  be  minor  or  serious,  depending  on  the  methods  employed 
in  laying  pipelines  and  their  location.  These  effects  can  be  substanti- 
ally reduced  with  adequate  planning  and  by  using  the  most  appropriate 
construction  techniques.  Usually  bulkheads  are  placed  in  canals  to  pre- 
vent saltwater  intrusion  and  to  maintain  existing  drainage  and  water- 
exchange  routes.  To  protect  oysters,  pipelines  are  usually  routed  around 
major  oyster  reefs  and,  where  shallow  estuaries  are  to  be  crossed,  the 
canal  is  usually  backfilled  as  is  often  the  case  with  canals  through 
marshlands . 

A ditching  or  jetting  operation  associated  with  construction  of  offshore 
areas  generally  causes  temporary  turbidity  of  the  water  in  the  immediate 
vicinity  and  may  temporarily  disturb  fish  and  other  aquatic  life  during 
that  time.  It  is  possible  that  the  operation  may  also  temporarily  damase 
a portion  of  any  shell  fisheries  existing  in  the  immediate  area. 

(h)  Summary.  Even  with  the  best  systems  and  controls,  some  oil  pollution 
from  OCS  leasing  will  occur.  The  recently  strengthened  regulations  and 
operating  orders  1/  are  as  stringent  as  technology  allows  at  this  time. 
Although  increased  Federal  inspections  and  the  large  costs  involved  in 
controlling,  containing,  and  cleaning  up  spilled  oil  have  combined  to 
generate  an  awareness  of  the  necessity  to  improve  OCS  safety,  no  regula- 
tion or  enforcement  can  guarantee  that  there  will  be  no  pollution  from 
oil  producing  operations.  Natural  disasters,  equipment  failure,  or  human 
error  could  occur  despite  regulations  and  enforcement  procedures.  Federal 
enforcement  and  regulation  procedures  and  better  equipment  and  engineering 
.standards,  although  they  cannot  guarantee  there  will  be  no  spillage,  have 
served  to  reduce  the  risk  of  oil  spill  accidents  and  pollution  incidents 
resulting  from  OCS  development. 

An  increased  level  of  conflict  and  havigational  hazard  will  result  from 
additional  offshore  structures  associated  with  OCS  development.  The 
greatest  effect  will  be  on  commercial  shipping  and  fishing  activities. 
Increasing  the  numbers  and  lengths  of  pipelines  to  shore  will  have  its 
greatest  impact  in  nearshore  and  onshore  areas,  i.e.,  estuaries,  marsh, 
and  wetlands  environments.  The  biota  in  the  path  of  a pipeline  will 
undergo  disruption,  loss  of  habitat,  and  will  suffer  physiological  stress, 
injury,  or  death.  In  addition  to  pipelines,  additional  increments  of 
transportation,  storage,  refinery,  treatment,  and  other  facilities  and 
activities  associated  with  oil  and  gas  production  on  the  OCS  will  have  an 
overall,  cumulative  effect  on  the  coastal  environment  and  local  and 
regional  economies.  The  initial  effect  on  biota  will  be  one  of  disruption 
and  destruction  in  the  construction  areas.  A cumulative  effect  will  result 
from  solid,  liquid,  and  gaseous  waste  disposal  associated  with  OCS 
development  and  any  oil  polluting  events  should  they  occur.  The  quality 


1/  Including  the  National  Oil  and  Hazardous  Substances  Pollution 
Contingency  Plan,  36  FR  16215,  August  20,  1971. 
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of  air  over  a developing  area  could  be  degraded  by  exhaust  emissions  of 
stationary  power  units  and  service  vessels  and  by  the  accidental  release 
of  oil  and  gas  from  wild  wells.  The  effect  will  be  physiological  stress 
and  death  for  oiled  plants  and  animals  and  possible  contamination  of  marine 
food  sources  for  man.  The  scope,  duration,  location,  and  overall  signifi- 
cant effects  of  an  oil  spill  on  a cumulative  basis  are  unknown.  However, 
the  areas  of  greatest  potential  for  receiving  lethal  and  sublethal  adverse 
effects  on  a cumulative  basis  are  embayments  and  semi-enclosed  waters 
where  many  species  undergo  early  development  and  are  more  vulnerable  to 
toxic  compounds.  Oil  on  a beach  would  be  aesthetically  unpleasant  and 
would  disrupt  recreational  events  and  usually  render  affected  beach  areas 
unsuitable  for  human  enjoyment. 
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General  Summary  of  Environmental  Impacts  Which 
Might  Result  from  OCS  Oil  and  Gas  Operations  1/ 


Impact  Sustaining  Impact  Producing  Factors 

Factors 


Debris 

Plat- 

form 

Oil 

Spill 

Pipel 

Const 

Storage 
Facil . 

Support 
Serv . 

Labor 

Force 

Prod . 

1. 

Refuges 

<-) 

(-) 

4/ 

4/ 

2. 

Estuaries 

(-) 

(-) 

(-) 

3*. 

Marshland 

(-) 

(-) 

(-) 

(-) 

(-) 

4. 

Beaches 

(-) 

2/ 

(-) 

4/ 

4/ 

5. 

National 
Park  Units 

(-) 

2/ 

(-) 

4/ 

4/ 

6. 

Com.  Fish. 

(-) 

(-) 

3/ 

5/ 

7. 

Sport  Fish. 

(+) 

(+) 

3/ 

5/ 

8. 

Recreation 

(-) 

2/ 

<-) 

9. 

Shipping 

(-) 

10. 

Regional 

Economy 

(+) 

(+) 

(+) 

(+) 

(+) 

(+) 

1/  The  principal  type  of  relationship  between  impact  producing  and  sustain- 
ing factors  is  indicated  by  (+)  positive  impact  or  (-)  negative  impact. 

In  some  relationships,  both  positive  and  negative  relationships  are  possi- 
ble, in  these  areas,  the  type  of  relationship  considered  dominant  is  shown. 

2 J Impact  will  be  negative  only  if  platforms  are  visible,  i.e.,  impact  will 
be  on  aesthetic  values. 

3/  Impact  of  oil  pollution  on  nearshore  and  estuarine  shellfish  is  negative; 

~ impact  on  open-water  f infish  and  shellfish  is  not  well  understood,  but 
oil  spills  adversely  affect  sport  and  commercial  fishing  activity. 

4 / Impacts  would  be  excluded  by  administrative  action,  e.g.,  pipelines  or 
storage  facilities  would  not  be  permitted  in  refuges.  National  Park 
Units,  or  on  those  recreation  beaches  subject  to  official  regulation. 

5 / Impacts  would  occur  during  construction  stage  only. 
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(4)  Elimination  of  Market-Demand  Prorationing  Systems 


This  alternative  would  require  those  states  which  prorate  oil  production 
to  market  demand  to  revise  their  laws  and  regulations  so  as  to  permit  full 
production.  Important  exceptions  to  production  at  maximum  efficient  rate 
(MER)  currently  remain  only  in  the  Elk  Hills  Naval  Petroleum  Reserve  (which 
is  not  subject  to  state  market-demand  prorationing)  and  a small  number  of 
fields  in  Texas  and  Louisiana.  Ray  T.  Sutton,  the  Commissioner  of 
Conservation  of  the  State  of  Louisiana,  has  testified  that  "the  onshore 
and  Zone  1 production  has  peaked  and  is  in  a period  of  steady  decline... 

For  all  practical  purposes,  Louisiana  is  now  producing  all  the  oil  that 
can  be  produced  efficiently.  We  have  no  reserve  producing  capacity."  * 
Furthermore,  the  Commissioner  added,  unsatisfied  market  demand  (as  meas- 
ured by  nominations)-  exceeded  100,000  barrels  per  day  in  August  1972. 

Only  three  large  Texas  fields — East  Texas,  Kelly-Snyder , and  Tom  O’Connor 
— were  restricted  below  100  percent  of  their  respective  market-demand 
factors  as  of  January  1973.  Conservation  problems  encountered  at  higher 
operating  rates  have  compelled  reduced  production  in  these  fields  while 
unresolved  issues  of  correlative  rights  to  the  crude  oil  also  preclude 
higher  production  from  East  Texas.  The  Chairman  of  the  Railroad  Commission 
of  Texas,  Byron  Tunnel,  has  stated,  "Texas  has  no  significant  reserve- 
producing  capacity  remaining."  He  noted  that  an  increase  of  Texas  allow- 
able percentages  by  32.5  percent  achieved  only  a 12  percent  increase  in  oil 
production,  and  concluded,  "We  have  reached  the  peak  of  production  at  which 
Texas  oil  fields  can  be  operated  without  harm  to  the  reservoirs.  Do  not 
count  on  Texas  for  more  oil  and  gas  than  is  now  being  produced.  It  simply 
isn't  there."  In  January  and  February  1973,  Texas  allowables  were  100 
percent  of  MER  and  production  is  currently  300,000  barrels  per  day  less 
than  purchasers  say  they  need  to  meet  demands  (New  York  Times,  Jan.  19, 
1973,  p.  C4). 


* Public  Hearing  of  August  22  and  23,  1972,  on  proposed  Louisiana  OCS  Oil 
and  Gas  General  Lease  Sale  and  Draft  Environmental  Statement,  New  Orleans. 
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(5)  Increased  Oil  Imports 


In  the  event  that  geothermal  power  development  is  not  implemented, 
imported  oil  could  be  a freely  substitutable  source.  However,  its  use 
for  electric  power  generation  represents  a relatively  small  part  of  the 
energy  demand  to  be  supplied  by  projected  imports.  Thus,  it  probably 
would  have  little  bearing  on  major  decision  making  with  regard  to  oil 
imports.  However,  in  view  of  the  mobility  of  oil  and  finished  products, 
any  actions  which  could  reduce  oil  demand  in  the  western  states  could 
have  a beneficial  effect  on  other  regions  by  reduction  in  competition 
for  domestic  or  foreign  oils.  The  environmental  impact  of  increased 
imports  arise  mainly  from  three  sources:  (1)  increased  ship  traffic, 

(2)  the  transportation  of  the  oil  from  offshore  terminals  to  coastal 
refineries  and  thence  to  power  plants,  and  (3)  consumption  of  the  oil 
at  the  power  plants. 

At  the  present  level  of  geothermal  generating  capacity  of  298  MW,  an 
increase  in  the  oil  equivalent  (4  million  barrels  per  year)  would  result 
in  a negligible  increase  in  tanker  traffic.  The  U.S.  Coast  Guard,  in  a 
section  prepared  for  the  Trans-Alaska  Pipeline  Environmental  Impact  State- 
ment, assumes  an  average  tanker  load  of  800,000  barrels  per  vessel.  Thus, 
only  five  tanker  trips  per  year  would  be  required  for  an  imported  oil  sub- 
stitution. 

At  the  higher  projected  levels  of  geothermal  capacity  of  1,000  to  2,000  MW 
and  7,000  to  20,000  MW,  roughly  15  to  30  and  100  to  300  tanker  trips  per 
year,  respectively,  would  be  required.  These  higher  levels  probably  could 
be  accommodated  with  existing  facilities  provided  additional  imports  are 
not  also  needed  to  meet  other  demands.  If  the  combination  were  significant, 
additional  facilities  might  be  required.  The  environmental  impacts  would 
be  in  rough  proportion  to  the  amount  of  oil  handled  by  existing  and/or  new 
facilities . 

(a)  U.S.  dependency  on  imports 

The  United  States  is  heavily  dependent  upon  liquid  and  gaseous  fuels  that 
presently  can  be  obtained  only  in  the  quantities  needed  from  conventional 
petroleum  sources,  both  foreign  and  domestic.  This  situation  will  continue 
for  the  next  10  or  more  years  regardless  of  the  progress  made  in  the 
extraction  of  liquids  and  gases  from  coal  and  oil  shale  or  the  development 
of  other  energy  sources  such  as  geothermal  because  long  lead  times  are 
necessary  to  develop  these  supplemental  sources.  The  adequacy,  security, 
and  cost  of  petroleum  supplies  can  have  a direct  influence  on  the  Nation's 
national  product,  trade  position,  diplomatic  posture,  and  military  capa- 
bility. 

Following  is  a summary  of  expected  demand  for  petroleum,  the  expected 
domestic  production,  and  supplemental  supplies  that  will  be  required  to 
fulfill  demand  (Interior,  1972).  Through  1980,  if  domestic  production  is 
not  stimulated,  these  supplemental  supplies  will  have  to  come  in  the  form 
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of  increased  imports.  After  that  time,  incremental  production  may  be 
possible  from  some  synthetic  sources  (oil  shale,  tar  sands,  etc.),  but 
imports  still  will  provide  the  predominant  portion. 


Million  barrels/day 


1975 

1980 

1985 

2000 

Total  petroleum  demand 

17.4 

20.8 

25.0 

35.6 

Total  domestic  production 

11.0 

11.7 

11.7 

10.5 

Supplemental  supplies 

6.4 

9.1 

13.3 

25.0 

Percentage  of  imports 

37 

44 

53 

70 

The  National  Petroleum  Council's  analysis  of  the  energy  situation  provides 
other  projections  of  imports  through  1985.  For  its  analysis,  the  NPC 
developed  four  different  cases  based  upon  varying  economic  conditions  and 
oil  and  gas  finding  rates.  Case  I represents  the  best  of  conditions  while 
Case  IV  represents  the  worst  and  Cases  II  and  III  are  intermediary  condi- 
tions. The  following  table  presents  NPC's  projections  of  imports  that 
will  be  needed  to  balance  demand. 


Projected  Level  of  Oil  Imports  (NPC) 
(millions  of  barrels/day) 


Case 

1975 

1980 

1985 

I 

7.2 

5.8 

3.6 

II 

7.4 

7.5 

8.7 

III 

8.5 

10.6 

13.5 

IV 

9.7 

16.4 

19.2 

•Source: 
(b)  Oil 

National  Petroleum  Council,  U.S. 
import  policies 

Energy  Outlook, 

December  1972. 

Until  President  Nixon's  Energy  Message  of  April  18,  1973,  imports  of  crude 
oil,  unfinished  oil,  and  oil  products  were  limited  under  the  Mandatory  Oil 
Import  Program  established  in  1959  by  Presidential  Proclamation  3279.  In 
his  message,  the  President  stated: 

"In  order  to  avert  a short-term  fuel  shortage  and  to  keep  fuel  costs 
as  low  as  possible,  it  will  be  necessary  for  us  to  increase  fuel  Imports. 
At  the  same  time,  in  order  to  reduce  our  long-term  reliance  on  imports,  we 
must  encourage  the  exploration  and  development  of  our  domestic  oil  and  the 
construction  of  refineries  to  process  it. 

"The  present  quota  system  for  oil  imports — the  Mandatory  Oil  Import 
Program — was  established  at  a time  when  we  could  produce  more  oil  at  home 
than  we  were  using.  By  imposing  quantitative  restrictions  on  imports,  the 
quota  system  restricted  imports  of  foreign  oil.  It  also  encouraged  the 
development  of  our  domestic  petroleum  industry  in  the  interest  of  national 
security. 
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"Today,  however,  we  are  not  producing  as  much  oil  as  we  are  using, 
and  we  must  import  ever  larger  amounts  to  meet  our  needs. 

"As  a result,  the  current  Mandatory  Oil  Import  Program  is  of  virtu- 
ally no  benefit  any  longer.  Instead,  it  has  the  very  real  potential  of 
aggravating  our  supply  problems,  and  it  denies  us  the  flexibility  we  need 
to  deal  quickly  and  efficiently  with  our  import  requirements.  General 
dissatisfaction  with  the  program  and  the  apparent  need  for  change  has  led 
to  uncertainty.  Under  these  conditions,  there  can  be  little  long-range 
investment  planning  for  new  drilling  and  refinery  construction. 

"Effective  today,  I am  removing  by  proclamation  all  existing  tariffs 
on  imported  crude  oil  and  products.  Holders  of  import  licenses  will  be 
able  to  import  petroleum  duty  free.  This  action  will  help  hold  down  the 
cost  of  energy  to  the  American  consumer. 

"Effective  today,  I am  also  suspending  direct  control  over  the  quan- 
tity of  crude  oil  and  refined  products  yhich  can  be  imported.  In  place  of 
these  controls,  I am  substituting  a license-fee  quota  system. 

"Under  the  new  system,  present  holders  of  import  licenses  may  import 
petroleum  exempt  from  fees  up  to  the  level  of  their  1973  quota  allocations. 
For  imports  in  excess  of  the  1973  level,  a fee  must  be  paid  by  the  importer. 

"This  system  should  achieve  several  objectives. 

"First,  it  should  help  to  meet  our  immediate  energy  needs  by  encour- 
aging importation  of  foreign  oil  at  the  lowest  cost  to  consumers,  while 
also  providing  incentives  for  exploration  and  development  of  our  domestic 
resources  to  meet  our  long-term  needs.  There  will  be  little  paid  in  fees 
this  year,  although  all  exemptions  from  fees  will  be  phased  out  over  sev- 
eral years.  By  gradually  increasing  fees  over  the  next  two  and  one-half 
years  to  a maximum  level  of  one-half  cent  per  gallon  for  crude  oil  and 
one  and  one-half  cents  per  gallon  for  all  refined  products,  we  should  con- 
tinue to  meet  our  energy  needs  while  encouraging  industry  to  increase  its 
domestic  production. 

"Second,  this  system  should  encourage  refinery  construction  in  the 
United  States,  because  the  fees  are  higher  for  refined  products  than  for 
crude  oil.  As  an  added  incentive,  crude  oil  in  amounts  up  to  three-fourths 
of  new  refining  capacity  may  be  imported  without  being  subject  to  any  fees. 
This  special  allowance  will  be  available  to  an  oil  company  during  the  first 
five  years  after  it  builds  or  expands  its  refining  capacity. 

"Third,  this  system  should  provide  the  flexibility  we  must  have  to 
meet  short  and  long-term  needs  efficiently.  We  will  review  the  fee  level 
periodically  to  ensure  that  we  are  imposing  the  lowest  fees  consistent  with 
our  intention  to  increase  domestic  production  while  keeping  costs  to  the 
consumer  at  the  lowest  possible  level.  We  will  also  make  full  use  of  the 
Oil  Import  Appeals  Board  to  ensure  that  the  needs  of  all  elements  of  the 
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petroleum  industry  are  met,  particularly  those  of  independent  operators 
who  help  to  maintain  market  competition. 

"Fourth,  the  new  system  should  contribute  to  our  national  security. 
Increased  domestic  production  will  leave  us  less  dependent  on  foreign  sup- 
plies. At  the  same  time,  we  will  adjust  the  fees  in  a manner  designed  to 
encourage,  to  the  extent  possible,  the  security  of  our  foreign  supplies. 
Finally,  I am  directing  the  Oil  Policy  Committee  to  examine  incentives 
aimed  at  increasing  our  domestic  storage  capacity  or  shut-in  production. 

In  this  way  we  will  provide  buffer  stocks  to  insulate  ourselves  against 
a temporary  loss  of  foreign  supplies." 

Under  the  previous  quota  system,  the  level  of  petroleum  imports  was 
restricted  on  the  basis  of  product  (commodity),  geographical  area  in  the 
United  States,  and,  in  some  instances,  country  of  origin. 

Through  April  30,  1974,  under  the  new  program  importers  will  not  be 
required  to  pay  a fee  on  their  previously  allocated  import  levels.  The 
amount  of  duty-free  imports  which  will  be  permitted  will  be  reduced  each 
year  until  reaching  zero  in  1980.  The  license  fee  will  also  change  over 
time.  It  also  will  be  reassessed  from  time  to  time  to  be  sure  that  the 
goals  of  stimulating  domestic  production  and  increasing  refinery  capacity 
are  being  met. 

(c)  Sources  and  distribution  of  imports 

In  the  past,  the  United  States  has  received  most  imports  from  Western 
Hemisphere  sources.  Because  of  increasing  domestic  demand  in  these  coun- 
tries, it  is  not  likely  that  they  will  be  able  to  meet  the  future  U.S. 
need  for  imports.  Table  IV-14  shows  estimates  made  by  the  NPC  of  Western 
Hemisphere  liquid  hydrocarbon  supply-consumption  balances.  The  estimates 
are  based  on  their  Case  III  supply  estimates.  In  1960,  the  Western 
Hemisphere  was  able  to  essentially  maintain  a balance  in  the  supply  and 
consumption  of  petroleum.  This  balance  was  almost  achieved  again  in  1965. 

The  availability  of  Latin  American  oil  was  a major  factor  in  reaching 
these  balances.  In  the  future,  however,  the  increases  in  Latin  American 
consumption  are  expected  to  be  greater  than  increases  in  production.  This 
factor  combined  with  the  great  increases  in  United  States  consumption  will 
cause  increasing  deficits  in  the  Western  Hemisphere  petroleum  supply- 
demand  balance. 

Future  increases  in  oil  imports  therefore  will  come  primarily  from  the 
Middle  East  and  North  Africa  where  as  much  as  80  percent  of  the  non- 
communist  world  oil  reserves  may  lie. 

The  bulk  of  oil  imports  in  the  past  have  entered  PAD  District  I.  This 
district  has  a high  demand  for  oil  caused  by  a concentration  of  population 
and  industry  and  very  limited  oil  production.  Table  XV-15  shows  the  1972 
supply  distribution  and  balances  for  the  five  districts.  Some  66  percent 
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Table  IV- 14 


WESTERN  HEMISPHERE  LIQUID  HYDROCARBON  SUPPLY-OIL  CONSUMPTION  BALANCE  (1960-1985) • 

(MMB/D) 


1985 


1960 

1965 

1970 

1975 

1980 

Low 

High 

Local  Oil  Consumption 
(Excluding  Exports) 

United  States 

9.8 

11.5 

14.7 

18.3 

22.3 

25.8 

Canada 

0.9 

1.1 

1.5 

1.9 

2.3 

2.7 

3.0 

Latin  America 

1.7 

2.1 

2.8 

3.9 

5.1 

6.5 

7.0 

Total  Western  Hemisphere 

12.4 

14.7 

19.0 

24.1 

29.7 

35.0 

35.8 

Conventional  Liquid  Hydrocarbon 
Production 

United  States 

8.0 

9.0 

11.3 

9.8 

11.6 

11.8 

Canada 

0.5 

0.9 

1.5 

2.2 

3.0 

3.7 

Latin  America 

3.8 

4.7 

5.3 

5.8 

6.7 

7.0 

Total  Western  Hemisphere 

12.3 

14.6 

18.1 

17.8 

21.3 

22.5 

Synthetic  Liquid  Production 

United  States 

— 

— 

— 

— 

0.1 

0.5 

Canada 

— 

— 

— 

— 

0.4 

1.0 

Latin  America 

— 

— 

— 

— 

0.3 

0.8 

Total  Western  Hemisphere 

— * 

— 

— 

— 

0.8 

2.3 

Total  Liquid  Hydrocarbon  Pro- 
duction (Conventional  Plus 
Synthetic)  Available  for 
Net  Export  or  (Imports 
Required) 

United  States 

(1.8) 

(2.5) 

(3.4) 

(8.5) 

(10.6) 

(13.5) 

(13.5) 

Canada 

(0.3) 

(0.2) 

— 

0.4 

1.1 

2.0 

1.7 

Latin  America 

2.1 

2.6 

2.5 

1.9 

1.9 

1.3 

0.8 

Total  Western  Hemisphere 

— 

(0.1) 

(0.9) 

(6.2) 

(7.6) 

(10.2) 

(11.0) 

* Alt  estimates  are  on  a Case  ill  supply  basis. 


Source:  N.P,C.  U.  S,  Energy  Outlook,  p.  262. 
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Table  IV- 15 

1972  Supply  Distribution  and  Sources 
(Thousand  barrels  per  day) 
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of  the  total  imports  were  to  the  east  coast.  Table  IV-16,  which  shows  1985 
PAD  District  supply  and  demand  balances  based  on  NPC’s  Case  III,  indicates 
that  PAD  District  I will  continue  to  have  large  deficits.  In  1985, 

District  I will  require  shipments  of  about  10  million  barrels/day.  Even 
if  all  surplus  domestic  production  were  shipped  to  District  I,  which  seems 
unlikely  given  the  projected  deficit  in  District  II,  there  would  still 
need  to  be  about  7.4  million  barrels/day  of  foreign  oil  brought  into  the 
east  coast. 


Petroleum  Administration  for  Defense  (PAD)  Districts 


Problems  with  the  security  of  supply,  balance  of  payments,  and  United 
States  off  loading  terminal  capacity  could  arise  due  to  an  increase  in 
imports.  Using  the  Department  of  Interior  projections  of  import  levels, 
oil  imports  by  source  could  be:  (million  barrels/day) 


1975 

1980 

1985* 

Low  High 

Western  Hemisphere 

2.3 

3.0 

3.3  2.5 

Eastern  Hemisphere 

4.1 

6.1 

10.1  10.9 

Total  imports 

6.4 

9.1 

13.4  13.4 

* Low  and  high  values  refer  to  the  expected  Western  Hemisphere  oil 
consumption  in  Table  IV-17. 
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Table  IV- 16  U.S.  Petroleum  Liquids  Production* 

and  Demand  - NPC  Case  III 
(Thousands  of  barrels/day) 


PAD  District 

Production 

Demand 

Surplus 

(Deficit) 

I 

201 

10,211 

(10,010). 

II 

906 

6,859 

(5,899) 

III 

6,458 

4,332 

2,126 

IV 

952 

697 

255 

V 

3,742  ** 

3,688 

54 

Total  United  States 

12,313 

25,787 

(13,474) 

Source:  NPC 

* Includes  synthetics. 
**  Includes  Alaska 
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(d)  Tanker  and  terminal  requirements 


In  1971,  total  tanker  arrivals  for  the  lower  48  States  were  67,770.  Of 
these  arrivals,  56,700  (84  percent)  were  in  PAD  District  I;  6,650  were 
in  PAD  District  III  (10  percent);  and  4,420  were  in  PAD  District  V 
(6  percent) . , Many  of  the  shipments  were  of  products  from  the  Gulf  fioast 
and  the  Caribbean  to  PAD  District  I.  The  average  size  of  tankers  carry- 
ing imported  crude  was  29,000  DWT.  1 J To  deliver  1971  imports  of  3.0 
million  barrels/day  would  have  required  the  unloading  of  the  equivalent 
of  15  29,000  DWT  tankers  each  day.  In  1985,  when  waterborne  imports  ard 
projected  to  rise  to  10.7  million  barrels/day,  53  tankers  of  that  size 
would  have  to  be  unloaded  each  day.  This  increase  in  throughput  and 
ship  traffic  could  be  met  only  through  expansion  of  United  States  port 
capacity. 

One  of  the  key  factors  that  will  determine  the  changes  which  will  be 
required  in  U.S.  port  facilities  is  the  size  of  tankers  delivering  the 
oil.  Since  1965,  tanker  construction  has  been  directed  almost  exlusively 
toward  vessels  larger  than  65,000  DWT.  The  development  of  a successful 
single  point  mooring  system  which  allows  the  unloading  of  deep  draft 
tankers  and  the  closing  of  the  Suez  Canal  in  mid-1967  gave  impetus  to 
the  construction  of  Very  Large  Crude  Carriers  (VLCCs)  ranging  from  250,000 
DWT  to  425,000  DWT  (presently  under  construction.  A tanker  of  more  than 
700,000  DWT  has  been  ordered,  and  a 1,000,000  DWT  vessel  is  in  the  pre- 
liminary planning  stage. 

The  major  attraction  of  large  tankers  is  the  reduction  in  unit  transpor- 
tation costs  that  they  provide.  According  to  Department  of  Commerce  data, 
a 250,000  DWT  tanker  could  save  $0.50/ ton  over  a 65,000  DWT  tanker  on  the 
Venezuelan  route  (4,000  nautical  miles  to  east  coast)  or  as  much  as  $2.50/ 
ton  on  the  Persian  Gulf  route  (24,000  nautical  miles).  With  the  shift  of 
primary  source  of  imports  from  Latin  America  to  the  Middle  East,  this 
savings  could  be  important  for  the  United  States. 

The  possible  reduction  in  ship  traffic  also  is  obvious  if  larger  tankers 
are  used.  By  using  tankers  of  100,000  DWT  instead  of  29,000  DWT,  the 
number  of  vessels  that  would  have  to  be  unloaded  each  day  could  be  reduced 
from  the  equivalent  of  53  to  the  equivalent  of  15.  By  using  a 200,000  DWT 
average,  the  number  of  unloadings  required  each  day  could  be  reduced  to 
the  equivalent  of  7.5. 

Because  of  the  savings  in  transportation  costs,  the  reduction  in  ship 
traffic,  and  the  lack  of  new  small  tankers,  it  seems  inevitable  that  the 
United  States  will  be  forced  to  use  tankers  larger  than  100,000  DWT.  The 
problem  is  that,  as  shown  in  Table  IV-l7,the  U.S.  does  not  have  any  ports 
capable  of  handling  tankers  larger  than  100,000  DWT.  The  east  coast, 


1 / Fact  Sheet  Attachment  to  President  Nixon's  Energy  Message,  April  18, 
1973.  (DWT  = dead  weight  ton,  the  cargo  carrying  capacity  in  long 
tons,  2204  lbs.). 
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Table  IV- 17 


U S.  TANKER  PORTS* 


Port 

Maximum  Vessel 
Size  (DWT) 

Alaska-Nisiki 

60,000 

California— Long  Beach 

100,000 

California— Los  Angeles 

100,000 

California-Port  San  Louis  Obispo 

20,000 

California— San  Diego 

35,000 

California— San  Francisco 

35,000 

Florida— Jacksonville 

30,000 

Florida— Miami 

20,000 

Florida-Port  Everglades 

35,000 

Hawaii— Honolulu 

35,000 

Louisiana— Baton  Rouge 

45,000 

Louisiana— New  Orleans 

45,000 

Maine— Portland 

80,000 

Maryland— Baltimore 

55,000 

Port 

Maximum  Vessel' 
Size  (DWT) 

Massachusetts— Boston 

50,000 

New  Jersey— Newark 

25,000 

New  York 

55,000 

Pennsylvania— Philadelphia 

55,000 

Texas— Baytown 

30,000 

Texas— Beaumont 

80,000 

Texas— Brownsville 

35,000 

Texas— Corpus  Christi 

50,000 

Texas— Freeport 

30,000 

Texas— Houston 

55,000 

Texas— Port  Arthur 

55,000 

Texas— Texas  City 

45,000 

Virginia— Hampton  Roads 

50.000 

Washington— Seattle 

45.000 

• George  Weber,  ed..  International  Petroleum  Encyclopedia  (1972),p.  407 
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which  requires  the  greatest  amount  of  imported  petroleum,  has  only  one 
port  capable  of  handling  a tanker  larger  than  55,000  DWT.  The  study  done 
for  the  Department  of  Commerce's  Maritime  Commission  shows  that  it  is 
neither  environmentally  nor  economically  feasible  and  in  some  cases  phys- 
ically not  possible  to  dredge  existing  ports  to  the  depth  necessary  to 
allow  large  tankers  to  enter. 

Several  potential  alternatives  for  importing  the  increased  quantities  of 
petroleum  were  examined  in  the  Maritime  Commission's  study.  Some  of 
these  are:  (1)  lighten  the  loads  of  the  VLCCs  offshore  of  existing  ports, 

thereby  reducing  the  drafts  of  the  vessels  sufficiently  to  allow  them 
to  enter  the  ports  and  complete  the  unloading.  (This  procedure  is  pres- 
ently being  used  to  a limited  extent  in  Delaware  Bay  and  New  York  Bay.); 
(2)  develop  a fleet  of  shallow-draft  large  tankers  which  could  use  the 
present,  or  moderately  deepened,  port  channels;  (3)  make  use  of  conven- 
tional designs  such  as  building  a deep-draft  terminal  in  Maine  or  in 
Lower  Delaware  Bay  or  using  single  point  mooring  systems  offshore;  (4) 
transfer  the  oil  to  the  U.S.  in  small  tankers  from  deepwater  terminals 
being  built  in  Canada  and  the  bahamas;  and  (5)  make  use  of  offshore  deep- 
water ports,  serving  an  entire  region  by  a transfer  system  of  pipelines 
and/or  feeder  vessels  (U.S.  Dept,  of  Commerce). 

(e)  Refinery  requirements 

As  of  January  1,  1971,  U.S.  domestic  refinery  capacity  (operating  and 
operable  but  shut  down)  was  12.9  million  barrels/day.  The  following  table 

shows  the  breakdown  of  this  capacity  by  PAD  District.  Actual  crude  runs 
in  1970  were  10.9  million  barrels/day. 


PAD  District 


Capacity 

(million  barrels/day) 


I 

1.5 

II 

3.7 

III 

5.3 

IV 

0.4 

V 

2.0 

Source:  NPC. 

In  analyzing  future  refinery  requirements,  a maximum  case  can  be  identi- 
fied. The  maximum  case  would  be  to  meet  demand  for  petroleum  products 
with  supplies  run  through  U.S.  refineries.  All  imports  would,  therefore, 
be  crude  oil.  Crude  runs  in  1980  would  be  about  20.9  million  barrels/day 
and  in  1985,  25.0  million  barrels/day.  This  would  mean  an  increase  in 
crude  runs  of  10.0  million  barrels/day  by  1980  and  14.1  million  barrels/ 
day  by  1985  over  the  actual  1970  levels. 

The  minimum  refinery  requirement  would  be  to  provide  just  enough  capacity 
to  process  domestic  production.  In  this  case  all  imports  would  be  in  the 
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form  of  petroleum  products  and  petrochemical  and  SNG  feed  stocks.  Crude 
runs  would  be  11.8  million  barrels/day  in  1980  and  11.6  million  barrels/ 
day  in  1985.  Both  of  these  figures  are  less  than  1971  total  capacity 
but  greater  than  actual  crude  runs  in  1970.  The  retirement  of  old  and 
obsolete  facilities  would  require  the  construction  of  some  new  capacity 
through  1985  (NPC) . 

Recognizing  that  for  economic  and  security  reasons  the  United  States 
should  not  rely  heavily  on  petroleum  product  imports,  the  President 
created  incentives  for  the  expansion  and  construction  of  refineries  to 
process  foreign  crude.  Under  the  new  import  system,  companies  building 
new  refineries  or  petrochemical  plants,  or  expanding  present  facilities, 
will  be  granted  fee-exempt  allocations  of  imported  oil  equal  to  75  per- 
cent of  their  additional  inputs  for  the  first  5 years  of  operation. 

Any  expansion  of  United  States  refinery  capacity  will  require  capital  in- 
vestments. Providing  the  maximum  refinery  capacity  through  1985  would 
require  an  increase  in  crude  runs  of  about  14  million  barrels/day.  This 
could  necessitate  the  construction  of  15  to  16  million  barrels/day  of 
net  new  refinery  capacity  at  a capital  cost  of  about  $30  million  (1970 
dollars).  The  minimum  refinery  case  could  almost  be  met  with  existing 
capacity.  There  would,  however,  still  be  significant  capital  require- 
ments for  the  replacement  of  old  or  obsolete  equipment. 

(f)  Balance  of  payments 

Petroleum  imports  and  associated  activities  have  played  an  important 
factor  in  United  States  balance  of  payments.  Imports  of  oil  and  refined 
products  in  recent  years  have  equalled,  in  value,  roughly  7 percent  of 
all  imports.  The  petroleum  industry  has  accounted  for  approximately 
25  percent  of  U.S.  net  capital  outflows  and  33  pfercent  of  U.S.  net  earn- 
ings abroad.  Table  IV- 18  shows  the  balance  of  trade  in  energy  fuels  for 
1970,  1975,  and  1985.  These  estimates  are  based  on  the  NPC  Case  III 
situation. 

One  of  the  major  assumptions  used  by  the  NPC  was  that  the  f<?o.b.  oil 
prices  in  1975  and  1985  will  be  no  higher  than  projected  1975  prices 
under  currently  existing  contracts.  Factors  such  as  devaluation  of  the 
U.S.  dollar  and  increased  competition  for  foreign  oil  probably  will 
result  in  increased  import  prices. 

Another  important  factor  in  balance  of  payments  is  the  secondary  trade 
stimulated  by  the  purchases  of  petroleum.  U.S.  dollars  which  are  used 
to  purchase  fuel  or  to  finance  overseas  operations  will  generate  return 
flows  when  the  energy  exporting  country  spends  part  of  its  increased 
income  on  U.S.  goods  and  services.  These  return  flows  may  come  directly 
from  the  first  recipient  of  the  U.S.  dollars  or  indirectly  through  third 
or  fourth  party  countries.  In  balance  of  payment  considerations,  the 
direct  first-round  returns  are  most  important.  The  level  of  first-round 
return  flows  from  an  exporting  country  can  be  estimated  by  the  country's 
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Table  IV-18  U.S.  Balance  of  Trade  in  Energy  Fuels 

(dollars  in  billions) 


1970 

1975 

1985 

Oil  imports  (delivered)  — ^ 

-3.4 

-12.9 

-20.4 

Natural  gas  and  LNG  imports 

-0.2 

-0.5 

-5.3 

Total  energy  fuels  imports 

-3.6 

-13.4 

-25.7 

Oil  exports 

+0 . 5 

+0.4 

+0.4 

Steam  coal  exports 

+0.1 

+0.2 

+0.3 

Metallurgical  coal  exports 

+0.9 

+1.3 

+2.1 

Total  energy  fuels  exports 

+1.5 

+1.9 

+2.8 

Balance  -2.1 

Source:  NPC,  pp.  298,  302. 

1 J Including  synthetic  gas  feedstocks 

-11.5 

-22.9 
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average  propensity  to  import  from  the  U.S.  The  propensity  to  import 
factor  indicates  what  portion  of  each  dollar  can  be  expected  to  return 
in  direct  purchases  of  U.S.  goods  and  services  in  the  short  term. 

Table  IV- 19  shows  the  average  propensity  to  import  from  the  U.S.  of  major 
oil  exporting  nations.  It  should  be  noted  that  as  the  primary  source  of 
imports  shifts  from  the  Western  Hemisphere  to  the  Eastern  Hemisphere,  the 
first-round  return  on  each  dollar  will  decrease. 

(g)  Security  considerations 

In  1970,  a comprehensive  study  of  oil  imports  was  done  by  the  Cabinet 
Task  Force  on  Oil  Import  Control.  The  Task  Force  report,  entitled  The 
Oil  Import  Question  (February  1970),  identified  eight  major  security 
difficulties  that  might  attend  dependence  on  foreign  supplies: 

"(1)  War  might  possible  increase  our  petroleum  requirements  beyond 
the  ability  or  willingness  of  foreign  sources  to  supply  us. 

"(2)  In  a prolonged  conventional  war,  the  enemy  might  sink  the 
tankers  needed  to  import  oil  or  to  carry  it  to  market  from 
domestic  production  sources  such  as  Alaska. 

"(3)  Local  or  regional  revolution,  hostilities,  oj:  guerilla 

activities  might  physically  interrupt  foreign  production 
or  transportation. 

"(4)  Exporting  countries  might  be  taken  over  by  radical  govern- 
ments unwilling  to  do  business  with  us  or  our  allies. 

"(5)  Communist  countries  might  induce  exporting  countries  to 
deny  their  oil  to  the  West. 

"(6)  A group  of  exporting  countries  might  act  in  concert  to 

deny  their  oil  to  us,  as  occurred  briefly  in  the  wake  of 
the  1967  Arab-Israeli  War. 

"(7)  Exporting  countries  might  take  over  the  assets  of  American 
or  European  companies. 

"(8)  Exporting  countries  might  form  an  effective  cartel  raising 
oil  prices  substantially. " 

With  the  creation  of  OPEC,  the  last  point- -format ion  of  an  effective 
cartel — has  already  occurred.  The  result,  as  the  study  had  foreseen, 
has  been  a substantial  increase  in  oil  prices. 

The  basic  problem  with  importing  a substantial  fraction  of  the  Nation's 
oil  is  that  the  sources  of  additional  foreign  oil--in  general,  the  Middl< 
East  and  North  Africa--are  "insecure"  and  might  withhold  oil  exports  to 
the  United  States  for  political  and/or  economic  gain. 
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Table  IV- 19 


Average  Propensities  to  Import  from  the  United  States  \J 


Algeria 

0.062 

Indonesia 

.146 

Iran  U 

.178 

Iraq 

.111 

Kuwait 

.208 

Libya 

.166 

Nigeria 

.116 

Saudi  Arabia 

.291 

United  Arab  Republic L! 

.221 

Venezuela 

.541 

Source:  U.S.  Department  of  Interior,  An  Analysis  of  the  Economic  and 

Security  Aspects  of  the  Trans-Alaska  Pipeline,  Vol.  I,  p.  F-8, 
(December  1971) . 

t 

1 / Directions  of  trade,  IMF.  Averaged  over  trade  data  for  1962-1967. 
No  clear  trends  were  discernible,  hence  the  recent  average  may  be 
taken  as  an  adequate  approximation  to  the  marginal  propensity. 

2/  A significant  fraction  of  the  trade  of  Iran  and  the  U.A.R.  with 
the  United  States  is  financed  by  U.S.  sources.  Consequently,  the 
balance-of-payments  effect  of  U.S.  trade  with  both  countries  is 
reduced  by  partly  compensatory  transactions  on  capital  account. 
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A study  by  Drs.  Schurr  and  Homan  for  Resources  for  the  Future  (Middle 
Eastern  Oil  and  the  Western  World:  Prospects  and  Problems,  1971)  notes 

that  the  question  of  supply  interruptions 

"...needs  to  be  dealt  with  in  the  interests  of  both  the  importing 
and  exporting  countries  because  supply  interruptions  are  economically 
damaging  to  both.  Not  only  do  they  have  sharp  short-run  effects  which 
are  economically  painful,  but  their  longer -run  consequences  can  also  be 
damaging  if  channels  of  commerce  are  diverted  into  alternatives  which 
impose  a permanent  economic  penalty  upon  both  those  countries  that  sell 
oil  and  those  that  buy." 

However,  this  interdependence  does  not  guarantee  that  interruptions  will 
not  occur.  The  study  points  to  interruptions  from  the  shutdown  of 
Iranian  production  beginning  in  1951,  the  closure  of  the  Suez  Canal  and 
attendant  lengthening  of  transportation  routes  in  1956-1957  and  again 
from  1967  to  the  present. 

The  Oil  Import  Question  identified  three  possible  types  of  alternative 
measures  to  cope  with  an  interruption  of  supply.  These  are:  using  syn- 

thetic sources  of  crude  such  as  oil  shale  or  tar  sands;  developing  the 
shut-in  capacity  of  Naval  Petroleum  Reserve  No.  4;  providing  a means  of 
storing  oil.  The  potential  of  synthetic  sources  of  crude  oil  and  the 
NPR  #4  reserves  are  discussed  in  other  parts  of  this  document.  The  most 
promising  methods  of  storing  oil  are  in  steel  tanks  or  in  salt  domes. 

Estimates  made  in  1970  of  the  capital  costs  of  storage  in  steel  tanks 
range  from  $1. 84/barrel  to  $2. 75/barrel,  including  land  acquisition. 
Annual  management  and  repair  costs  would  be  11  to  14  cents/barrel. 
Evaporation  losses  in  a cone  roof  tank  would  be  about  2 percent.  How- 
ever, if  a floating  roof  were  used,  evaporation  losses  should  be  negli- 
gible. 

In  the  United  States,  salt  domes  are  presently  used  for  the  storage  of 
natural  gas  liquids.  A 1966  Bureau  of  Mines  study  indicated  that  there 
were,  at  that  time,  130  unused  onshore  salt  domes  suitable  for  storage 
in  the  Gulf  coast  area.  The  Interior  Department  assumed  a potential 
storage  capacity  of  5 million  barrels  at  each  site,  yielding  a total 
capacity  of  650  million  barrels.  The  capital  cost  of  salt  dome  storage 
was  estimated  to  be  $1. 02/barrel  to  $2. 04/barrel.  Because  there  is  no 
evaporation  loss  and  only  minor  maintenance  and  management  costs,  total 
annual  costs  would  be  low.  There  would  be  some  loss  of  oil  in  the 
recovery  process.  In  order  to  obtain  the  crude  oil  for  storage,  imports 
in  the  short  run  would  have  to  be  increased.  These  imports  would  either 
go  directly  into  storage  or  replace  domestic  crude  oil  which  would  be 
stored. 
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(h)  Environmental  impact 


The  consideration  of  environmental  impacts  in  this  analysis  primarily 
relates  to  additional  ship  traffic  and  oil  handling  associated  with  the 
increased  level  of  imports.  Three  factors  are  considered  in  analyzing 
possible  oil  pollution  related  to  tanker  shipment  of  imports:  (1)  inten- 

tional discharge,  (2)  accidental  discharge,  and  (3)  casualty  analysis. 

Such  factors  generally  will  be  directly  proportional  to  the  volume  of 
imports  involved.  As  an  alternate  to  geothermal  development,  such  vol- 
umes would  be  small. 

(1)  Intentional  discharge.  The  two  primary  sources  of  intentionally  dis- 
charged oil  are  shoreslde  ballast  treatment  facilities  and  underway  tank 
cleaning  operations.  Any  development  of  ballast  treatment  facilities 
would  be  accomplished  at  the  loading  end  of  the  system.  It  may  be 
assumed. that  virtually  all  intentionally  discharged  oil  in  U.S.  waters 
from  this  alternative  will  come  from  tank  cleaning  operations. 

To  assess  fully  the  impact  of  tank  cleaning  operations,  three  separate 
analyses  are  necessary.  While  the  overall  average  discharge  rate  in 
1969-1970  was  0.074  percent  of  cargo,  uncontrolled  operations  averaged 
0.46  percent,  load-on-top  (LOT)  averaged  0.027  percent,  and  the  IMCO 
standard  proposed  in  the  1969  amendments  to  the  1954  International  Con- 
vention for  the  Prevention  of  Pollution  of  the  Sea  by  Oil  was  0.0067  per- 
cent (one  part  in  15,000).  Oceanborne  imports  in  1975  are  expected  to 
be  4.1  million  barrels/day;  in  1980,  6.1  million  barrels/day;  and  in  1985, 
10.7  million  barrels/day.  The  following  table  shows  the  expected  oil 
spill  levels  under  the  three  conditions: 

Potential  oil  Spill  Levels  (thousand  barrels/day) 


Oceanborne 

Uncontrolled 

L.O.T. 

IMCO  1/ 

Imports 

Operations 

Operations 

Standards 

1975 

4,100 

18.9 

1.1 

0.3 

1980 

6,100 

28.1 

1.6 

0.4 

1985 

10,700 

49.2 

2.9 

0.7 

(2)  Accidental  discharge.  The  1970  Pollution  Incident  Reporting  System 
(PIRS)  data  indicate  that  approximately  0.0015  percent  of  the  oil  handled 
in  the  U.S.  was  spilled  during  transfer  operations  (U.S.  Coast  Guard,  1972). 
Applied  to  the  projected  throughput  for  1975,  1980,  and  1985,  this  would 
indicate  spills  of  61  barrels/day,  91  barrels/day,  and  160  barrels/day, 
respectively. 

In  the  restricted  waters  surrounding  harbors  and  ports,  the  1970  experi- 
ence indicates  that  about  0.00009  percent  of  the  oil  handled  is  accident- 
ally discharged.  This  would  indicate  spills  of  3.7  barrels/day  in  1975, 

5.5  barrels/day  in  1980,  and  9.6  barrels/day  in  1985. 


1 J International  Maritime  Consultive  Organization. 
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(3)  Casualty  analysis.  The  worldwide  tanker  casualty  analysis  indicates 
that  an  insignificant  amount  of  the  total  volume  of  oil  transported  is 
spilled,  exclusive  of  transfer  operations  (U.S.  Coast  Guard,  1972).  The 
environmental  impact  could  be  nominal  where  small  spills  are  involved  or 
where  the  spill  occurs  in  such  a manner  as  to  have  little  impact  on 
coastal  or  restricted  water  areas.  By  contrast,  a single  catastrophic 
incident  such  as  the  breakup  of  the  Torrey  Canyon  can  have  disastrous 
results.  The  oil  spill  problem  is  a subject  involving  considerable 
study  effort.  The  first  report  of  the  President's  Panel  on  Oil  Spills 
presents  considerable  details  relative  to  the  subject. 

(4)  Increased  tankers  and  terminals.  Increased  petroleum  imports  will 
require  an  increase  in  the  number  and/or  size  of  tankers.  The  heavily 
populated  Northern  Atlantic  coastal  region  will  be  the  primary  destina- 
tion of  petroleum  shipments  with  the  Gulf  coastal  region  being  the  second- 
ary location.  The  west  coast  traffic  for  foreign  sources  would  not  change 
significantly  if  North  Slope  oil  is  delivered  as  proposed.  However,  there 
will  be  the  increased  tanker  traffic  associated  with  the  movement  of  this 
oil  from  Alaska.  Geothermal  development  could  reduce  imports  to  the 
extent  shown  in  the  introduction  to  this  section. 

If  the  use  of  conventional  ports  continues,  tankers  will  generally  be 
restricted  to  60,000  DWT  or  less.  This  added  congestion  would  increase 
the  risk  of  collision  and  subsequent  oil  pollution.  The  transfer  of  oil 
from  VLCCs  to  small  tankers  at  foreign  ports  would  also  cause  substantial 
increases  in  ship  traffic.  The  problems  of  port  congestion  could  be 
alleviated  through  the  use  of  large  tankers  making  deliveries  directly 
to  U.S.  terminals. 

The  environmental  impacts  of  a terminal  to  handle  large  tankers  will  be 
determined  by  its  location.  Enlarging  the  channels  and  harbors  of  exist- 
ing ports  would  require  dredging  which  could  endanger  sensitive  estuarine 
areas.  These  areas  are  important  as  nursing  grounds  for  many  species. 
Extensive  dredging  also  presents  the  danger  of  penetrating  freshwater 
aquifers  and  causing  saltwater  contamination  of  a major  city's  water 
supply.  Expansion  of  existing  port  facilities  in  populated  areas  could 
cause  conflicts  with  existing  or  planned  land  uses. 

Offshore  terminals  would  greatly  reduce  the  dangers  of  dredging  and  port 
congestion.  The  determining  factor  would  be  the  facilities'  distance 
from  shore.  Terminals  which  are  sited  closer  to  shore  will  generally 
require  a greater  amount  of  dredging.  Such  a facility  could,  therefore, 
cause  some  damage  to  estuarine  areas  as  a result  of  dredging  and  from 
oil  spills  which  could  reach  shore  before  dispersing  or  being  cleaned 
up.  A terminal  further  offshore  could  obviate  the  need  for  dredging  and 
allow  spills  to  disperse  or  be  cleaned  up  before  reaching  sensitive  areas. 

The  construction  of  a breakwater  or  island  will  permanently  eliminate 
from  productivity  the  area  of  seafloor  and  volume  of  water  it  occupies. 
Some  of  this  loss  will,  however,  be  offset  by  fish  havens  formed  by  the 
rubble  mounds  and  structures.  A deeper  offshore  setting  would  again 
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be  preferable  because  it  would  affect  fewer  species.  A breakwater  could 
reduce  wave  action  at  the  shoreline  and  thereby  reduce  erosion  of  the 
beach.  This  could  lead  to  the  deposition  of  suspended  sediments  and 
accretion  of  the  beach.  Continued  accretion  could  cause  the  development 
of  a sand  spit,  which  may  ultimately  extend  to  the  offshore  structure. 

If  this  accretion  were  located  at  the  upper  end  of  the  beach  system,  the 
normal  supply  of  sand  would  be  cut  off  and  erosion  of  the  beach  would 
occur. 

(5)  Pollution  potential  at  loading  site.  The  increased  movement  of 
petroleum  will  result  in  increased  oil  spills  at  the  loading  end.  These 
spills  will,  as  at  the  receiving  end,  result  from  intentional  and  acci- 
dental discharges  and  tanker  casualties  such  as  collisions,  groundings, 
etc.  In  some  exporting  countries,  pollution  control  standards  may  not 
be  as  stringent  as  U.S.  standards  and  thus  there  may  be  a greater  poten- 
tial for  pollution  at  some  loading  sites. 

(i)  Canadian  export  potential 

The  Beaufort  Basin  east  of  the  Richardson  Mountains  and  encompassing  the 
Mackenzie  Delta  has  considerable  geologic  potential  for  petroleum.  Two 
discoveries  of  oil  have  been  made  already  in  this  area  by  Imperial  Oil, 
Ltd.  They  are  considered  to  be  significant,  but  official  reserve  esti- 
mates for  them  have  not  yet  been  published.  Imperial  has  only  indicated 
that  it  is  optimistic  about  finding  at  least  2 billion  barrels  of  recov- 
erable crude  on  its  Beaufort  Basin  leases  (Oil  and  Gas  Journal,  Feb.  7, 
1972,  p.  4). 

The  Chukchi  and  Beaufort  Seas  off  the  northern  Alaskan  and  northern 
Canadian  coasts  are  also  believed  to  be  potential  oil  and  gas  areas. 

These  must  be  considered  more  speculative  possibilities  than  the  onshore 
areas.  Imperial  Oil,  Ltd.  currently  plans  to  built  artificial  islands 
by  dredging  in  shallow  parts  of  the  Beaufort  Sea  off  the  Mackenzie  Delta 
later  this  year.  Exploratory  drilling  will  begin  from  these  in  late  1973 
(Oil  and  Gas  Journal,’  Jan.  24,  1972,  p.  28).  Other  shallow  sections  may 
be  open  to  similar  techniques.  Drilling  in  deeper  areas  (50  feet  or  more) 
may,  however,  prove  to  be  prohibitively  expensive,  even  if  geologic 

prospects  are  good.  Hence,  recoverable  oil  from  deeper  offshore  areas 

may  be  limited. 

There  are  large  sedimentary  areas  in  Canada  that  are  favorable  for  the 
discovery  of  oil  and  gas.  Recent  years  have  seen  increasing  exploration 
activity  in  the  Arctic  islands.  Results  to  date  have  indicated  large 
discoveries  of  natural  gas;  however,  discoveries  of  oil  have  not  been 
extremely  promising.  Exploration  has  also  been  conducted  in  Canada's 
offshore  areas  in  eastern  Canada.  The  only  find  so  far  has  been  oil  near 

Sable  Island,  which  is  in  the  southern  part  of  Canada's  offshore  area 

and  near  the  U.S.  offshore  area. 
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During  the  period  from  1950  to  1969,  Canada’s  proved  crude  oil  reserves 
increased  steadily  from  1.2  billion  barrels  to  10.5  billion  barrels. 

Since  1969,  Canada's  proved  reserves  have  been  slowly  declining.  A 
future  increase  in  reserves  will  depend  on  results  in  the  frontier  areas 
in  the  Arctic  and  offshore.  Assuming  a finding  rate  between  1970  and 
1985  comparable  to  that  which  occurred  in  the  prior  15-year  period  in 
Canada  and  assuming  a reserve  to  production  ration  of  about  10  to  1, 
Canadian  production  in  1985  could  be  about  3.3  million  barrels  per  day. 

If  50  percent  of  the  production  is  exported  to  the  U.S.,  this  would 
amount  to  1.65  million  barrels  per  day.  Canada  also  has  high  reserves 
of  tar  sands;  however,  with  the  large  capital  investments  required,  the 
production  from  this  source  will  probably  be  in  the  range  of  a few 
hundred  thousand  barrels  per  day  by  1985. 

Canadian  oil  production  is  approximately  in  balance  with  Canadian  oil 
consumption.  Thus,  Canadian  imports  of  oil  from  the  Caribbean  and  Middle 
East  areas  of  about  50  percent  of  her  consumption  allows  Canada  to  export 
about  50  percent  of  her  production  to  the  U.S. 

Canadian  oil  received  preferential  treatment  under  the  oil  import  program 
and  thus  imports  from  Canada  increased  rapidly.  At  the  same  time, 
Canada's  oil  imports  from  overseas  areas  have  continued  to  increase  so 
that  Canada  remains  over  50  percent  dependent  on  overseas  imports  for 
her  internal  consumption  of  petroleum. 

The  possibility  of  increased  imports  of  Canadian  oil  into  the  United 
States  is  in  question.  For  example,  the  Canadian  Government  imposed 
export  controls  on  crude  oil  effective  March  1,  1973  (The  Oil  Daily, 
February  16,  1973).  Although  called  "temporary,"  they  may  indicate  a 
trend  toward  reduced  exports . 
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C,  Oil  Shale  and  Tar  Sands 


At  present  there  is  no  commercial  production  of  oil  from  shale  or  tar 
sands  in  the  United  States.  Much  research  has  been  done  and  more  is  in 
progress,  but  no  domestic  process  or  technology  has  yet  been  developed  and 
tested  at  a commercially  and  economically  feasible  production  level.  There  is 
little  question  that  large-scale  production  is  technically  possible.  The 
related  economics,  however,  are  uncertain  until  additional  research,  develop- 
ment and  demonstrations  have  been  completed  to  the  point  where  there  is  suf- 
ficient information  for  economic  evaluation  of  various  alternatives,  and  even 
processes  within  each  alternative,  to  the  point  where  large  capital  commit- 
ments can  be  made  with  reasonable  confidence.  It  is  questionable  if  either  of 
these  sources  could  be  considered  as  feasible  alternatives  for  significant 
production  by  1980,  but  there  is  high  probability  of  substantial  utilization 
of  oil  shale  in  the  following  decade. 

It  is  doubtful  that  shale  oil  can  be  considered  a viable  alternative  to 
geothermal  power  production  under  present  economic  constraints.  Development 
of  oil  shale  solely  as  a substitute  for  geothermal  power  at  the  298  MW  and 
1,000  to  2,000  MW  levels  would  not  be  practical  because  that  scale  of  oil 
shale  development  would  be  too  small  to  be  economically  feasible.  At  the 
estimated  level  of  7,000  - 20,000  MW  of  geothermal  capacity,  the  scale  of 
substitute  oil  supply  required  would  be  in  the  order  of  250,000  to  700,000 
barrels  per  day.  Under  the  Department  of  the  Interior's  proposed  prototype 
oil  shale  leasing  program,  production  could  reach  a level  of  250,000  barrels  per 
day  from  public  lands  by  1980,  depending  upon  the  success  of  that  program.  In 
view  of  the  great  demand  for  oil  for  other  uses,  such  production  probably  could 
not  be  considered  as  an  alternative  to  geothermal  development  until  after  1985. 
The  maximum  projected  oil  shale  capacity  in  the  United  States  by  1985  could 
be  in  the  order  of  1,000,000  barrels  of  oil  per  day  from  both  public  and 
private  lands. 

Tar  sand  development  as  an  alternative  to  geothermal  power  has  less  possi- 
bilities than  oil  shale  development  as  there  are  no  current  known  plans 
for  major  development  in  the  United  States  that  would  represent  a substi- 
tute energy  supply  for  electric  generation. 

(1)  Oil  Shale  Development 

Large  areas  of  the  United  States  are  known  to  contain  oil  shale  deposits 
but  those  in  the  states  of  Colorado,  Utah  and  Wyoming  are  considered  to  have 
the  greatest  potential  for  commercial  shale  oil  production.  Approximately 
73  percent  of  the  oil  shale  lands  in  those  states  contain  nearly  80  percent 
of  the  potential  shale  oil  and  are  Federally-owned.  The  highest  grade 
deposits  occur  in  an  area  of  17,000  square  miles  (11  million  acres)  and  are 
capable  of  yielding  an  estimated  600  billion  barrels  of  oil. 

The  President's  Energy  Messages  of  1971  and  1973  called  in  part  for  a program 
for  orderly  development  of  the  Nation's  oil  shale  resources  if  such  develop- 
ment can  be  accomplished  in  an  environmentally  acceptable  manner.  The 
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Department  of  the  Interior  currently  is  considering  the  competitive  sale, 
in  1973,  of  six  prototype  oil  shale  leases  on  public  lands,  two  in  each 
of  the  states  of  Colorado,  Wyoming  and  Utah  (U.S.  Department  of  the  Interior 
Draft  Environmental  Statement  for  the  Proposed  Prototype  Oil  Shale  Leasing 
Program,  1972). 

Production  of  shale  oil  requires  mining,  crushing,  and  heating  or  retorting 
the  rock  to  produce  a liquid  petroleum  product.  Some  shale  oil,  however, 
has  been  produced  experimentally  by  retorting  the  rock  in  place,  i.e.,  with- 
out mining  it.  This  technique  is  known  as  "in  situ"  or  mining  in-place  and  is 
essentially  experimental  in  nature. 

The  mining  of  oil  shale  can  be  done  by  conventional  underground  or  surface 
mining  techniques.  The  technology  for  at  least  three  different  processes 
for  surface  retorting  has  been  developed  although  none  of  the  processes  has 
been  proven  on  a commercial  scale.  The  major  problem  of  oil  shale  develop- 
ment is  the  lack  of  a demonstration  of  mining  and  retorting  on  a scale  suf- 
ficient to  prove  all  the  technology  and  to  develop  cost  and  other  data  neces- 
sary for  determining  economic  feasibility  and  environmental  acceptability. 

The  proposed  prototype  leasing  program  is  intended  to  provide  the  opportu- 
nity for  the  demonstration  of  the  economic  feasibility  of  shale  oil 
production  and  to  provide  the  means  whereby  potential  adverse  environmental 
impacts  can  be  detected  and  corrected  before  larger  scale  production  is 
undertaken. 

Because  this  program  depends  primarily  on  industry  as  to  the  timing  of  commer- 
cial production,  it  is  not  possible  to  accurately  determine  future  pro<$uction 
levels.  However,  if  the  maximum  rate  of  development  could  be  obtained,  some 
400,000  barrels  of  oil  per  day  could  be  produced  from  public  and  private  lands 
from  this  resource  by  1980,  and  with  additional  public  lands,  about  one  mil- 
lion barrels  per  day  by  1985. 

It  would  be  possible  to  accelerate  the  rate  at  which  the  necessary  research, 
development  and  demonstration  are  accomplished  by  undertaking  a massive 
direct  Federal  program  or  by  offering  some  type  of  incentives  or  subsidies 
for  an  effort  by  the  private  sector.  Under  present  policies  substantial 
production  could  be  achieved  by  1985,  if  the  proposed  program  is  successful. 
From  the  national  security  standpoint,  oil  shale  development  would  provide 
an  additional  major  source  of  petroleum  products  within  the  continental 
United  States. 

The  following  sections  discuss  the  mining,  processing  and  other  activities 
and  the  environmental  impacts  that  would  be  associated  with  oil  shale  de- 
velopment in  the  states  of  Wyoming,  Utah  and  Colorado.  To  the  extent  that 
oil  from  shale  could  substitute  for  geothermal  power,  the  environmental  im- 
pacts of  geothermal  development  would  be  avoided. 
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(a)  General  - An  oil  shale  industry,  even  at  the  prototype  level,  would 
involve  very  large  investments  and  major  industrial  developments'  in 
currently  rural  areas  resulting  in  significant  environmental  impacts. 

Any  oil  shale  mining  and  processing  system  must  provide  for  the 
handling  and  disposal  of  large  quantities  of  overburden  material, 
mined  rock,  and  the  spent  shale  or  tailings.  A significant  factor  is 
that  spent  shale  (after  retorting)  occupies  a larger  volume  than  the 
original  rock  in  place.  Methods  of  handling  these  materials  are  dis- 
cussed in  the  individual  mining,  processing,  and  waste  disposal  sec- 
tions . 

The  quantities  of  mined  rock  required  for  given  levels  of  shale  oil 
production  and  the  volumes  of  spent  shale  residue  are  shown  as  follows: 

Shale  oil  Shale  mined  Volume  of  shalel/ 

production  (million  ton  (billion  cu.  ft.  per  year) 

(barrels  per  day)  per  year)  In  place  After  mining  and  retorting 


50,000 

27 

0.4 

0.6 

- 0.7 

150,000 

82 

1.2 

1.7 

- 2.1 

550,000 

301 

4.5 

6.0 

- 7.5 

1,000,000 

550 

8.2 

1.0 

- 13. 

(b)  Underground  mining  — The  room— and— pillar  method  of  underground  mining 
would  yield  a maximum. of  75  percent  recovery  of  the  shale.  The  re- 
mainder would  be  left  as  pillars  to  provide  for  underground  mine  sup- 
port. The  ore  would  be  raised  to  the  surface  and  subsequently  trans- 
ported to  the  retort  by  truck  or  continuous  conveyor  belt. 

Underground  mining  presents  several  different  environmental  effects  than 
open  pit  mining.  First,  only  2,200  acres  of  surface  area  over  a 30*-year 
period  would  be  affected  by  an  underground  operation  for  a 50,000-barrel  per 
day  plant  as  compared  to  6,700  acres  in  an  open  pit  development  for  a 100,000- 
barrel  per  day  plant  (maximum  acres  affected  assuming  no  back  fill).  Surface 
restoration  needs  would  be  smaller  except  around  shaft  openings  and  retort 
facilities.  Wildlife  and  aesthetic  values  would  be  less  disturbed  under  this 
type  of  operation. 

While  this  type  of  mining,  with  most  of  its  operations  underground, 
requires  less  surface  area,  the  disposal  of  spent  shale  also  must  be 
considered.  TVo  methods  are  available  for  spent  shale  disposal: 

(1)  total  surface  disposal,  or  (2)  a combination  of  surface  disposal 
and  return  of  the  waste  to  the  underground  voids  left  by  mining. 

Total  surface  disposal  would  require  the  same  amount  of  land  as  needed 
for  open  pit  mining  waste  disposal  (56  to  80  acres  per  year).  This 
acreage  requirement  could  be  significantly  reduced  by  disposal  of  the 
waste  material  in  the  mine.  As  spent  shale  occupies  a greater  volume 
than  the  original  rock  in  place,  only  part  of  the  waste  could  be  re- 
turned to  the  mine  (50  to  70  percent). 

|7  Dependent  upon  size  of  material  discharged  from  retorting  system 
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During  the  initial  operation,  while  the  underground  mine  is  being 
developed,  all  waste  would  temporarily  be  stored  above  ground  until 
sufficient  mined-out  space  for  disposal  was  available.  For  the  3-year 
period  needed  to  reach  full  capacity,  the  required  surface  disposal 
area  would  total  approximately  96  acres. 

Spent  shale  disposed  in  underground  mines  could  be  subject  to  leaching 
if  the  mine  workings  were  flooded  while  active  or  became  saturated 
after  mining  operations  ceased.  Environmental  controls  such  as  sealing 
off  aquifers  with  concrete  have  proven  adequate  to  control  leaching  in 
similar  types  of  mining  operations. 

Since  up  to  70  percent  of  the  waste  could  eventually  be  returned  to  the 
mine,  potential  dust  problems,  erosion,  siltation,  and  leaching  from 
surface  piles  would  be  reduced.  The  shale  crushing  operation  would 
require  enclosed  crushing  and  conveyor  facilities,  wherever  possible, 
and  protection  of  the  piles  of  crushed  shale  from  wind  and  water  erosion 
would  be  necessary  before  .revegetation. 

The  disturbance  of  underground  waters  by  mining  operations,  or  by  water 
used  to  return  spent  shale  underground  for  disposal,  could  have  an 
adverse  effect  on  subsurface  water  quality.  Because  hydrologic  data 
of  much  of  the  oil  shale  region  are  incomplete,  the  extent  of  this  im- 
pact cannot  be  predicted  at  this  time.  Specific  information  which  has 
been  developed  through  core  drilling  reduces  the  risk  of  leasing  areas 
where  unavoidable  adverse  impacts  on  aquifers  are  likely  to  occur. 

Close  monitoring  of  the  quality  of  underground  waters,  and  the  prompt 
action  required  under  the  proposed  program  to  change  hazardous  opera- 
tions, would  mitigate  adverse  effects. 

(c)  Surface  mine  development  - This  type  of  mining  involves  removal  and 
disposal  of  the  overburden  to  expose  the  oil  shale  for  extraction.  The 
quantity  of  overburden  material  significantly  affects  the  economics  and 
timespan  involved  in  reaching  production.  Current  surface  mining  tech- 
niques, using  existing  large-scale  equipment,  could  be  expected  to 
permit  mine  development  at  relatively  low  unit  costs,  although  costs 
for  environmentally  adequate  waste  disposal  and  land  restoration  may  be 
expected  to  be  greater  than  costs  for  underground  operations. 

Where  surface  mining  is  practical,  it  offers  the  advantages  of  greater 
recovery  of  the  resource,  more  efficient  operations  and  lower  unit 
costs,  less  hazardous  working  environment  than  underground  mining, 
avoidance  of  subsequent  subsidence  problems,  and  the  opportunity  to 
design  the  resulting  land  surface  for  improved  productivity  and  land 
use. 
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Surface  mining  presents  significant  potential  environmental  problems. 
Land  required  for  actual  mining  activity  for  a 50,000-barrel  per  day 
operation  would  directly  involve  from  200  to  250  acres  per  year  over  a 
20-year  life  of  an  operation. 


During  the  early  years  of  surface  mine  development,  overburden  disposal 
would  be  offsite,  probably  in  a temporary  disposal  area.  After  16  or 
more  years,  it  would  be  possible  to  begin  disposing  of  overburden  in 
the  pit  as  a part  of  the  overall  reclamation  process. 

A surface  mine  operation  for  a 50,000-barrel  per  day  plant  would  re- 
quire temporary  offsite  storage  for  up  to  150  million  cubic  yards  of 
overburden  before  pit  return  could  begin.  However,  by  properly 
selecting  the  disposal  site  and  applying  contouring  techniques  to  con- 
trol surface  drainage,  the  area  of  land  affected  could  be  restricted 
to  400  acres  and  environmental  impacts  minimized. 

The  processed  spent  shale  also  must  initially  be  stored  in  an  area 
away  from  the  mine  site.  Return  of  the  stored,  processed  spent  shale  to 
the  pit  could  begin  after  pit  development  is  completed  (about  16  years). 
Some  100  acres  of  land  surface  would  be  required  for  temporary  spent 
shale  storage. 

During  any  open-pit  mining  operation,  the  topography  will  be  altered 
and  the  environment  changed.  The  actual  area  affected  will  be  deter- 
mined by  the  thickness  of  the  overburden  and  oil  shale,  the  mining 
plan,  and  the  rate  of  development.  Up  to  5,000  acres  could  be  in- 
volved, and  this  would  be  increased  by  about  one-third  if  waste  material 
were  not  returned  to  the  pit.  In  the  long  term,  open  pits  refilled  with 
processed  spent  shale  and  overburden  could  be  revegetated  and  returned 
for  the  use  of  wildlife  and  domestic  grazing  animals  in  a condition 
generally  equal  to,  and  in  some  instances  better  than  that  which 
originally  existed. 

Whste  disposal  areas  on  flat  land  create  new  "hills,"  which  could  be 
contoured  and  revegetated  to  prevent  erosion  and  reduce  aesthetic  im- 
pacts. Canyon  and  gully  disposal  areas  would  gradually  be  converted 
to  flat  areas  and  revegetated. 

Restoration  operations  would  include  contouring  to  blend  with  sur- 
roundings; construction  of  conduits,  retaining  dikes  and  terraces  to 
prevent  erosion,  control  surface  runoff,  prevent  downstream  contamina- 
tion, and  provide  paths  for  normal  water  flow;  protection  of  any 
natural  streams;  and  revegetation. 
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Revegetation  would  be  an  integral  part  of  watershed  protection  measures.  It 
has  been  experimentally  demonstrated  that  vegetation  can  be  grown  on  processed 
oil  shale  with  adequate  seeding,  fertilization  and  watering.  A longer  range 
vegetation  goal  would  be  the  reestablishment  of  the  natural  plant  community, 
or  a suitable  replacement  community,  to  serve  as  wildlife  food  and  cover.  How- 
ever, a significant  amount  of  research  experience  needs  to  be  accomplished 
before  the  reestablishment  of  the  full  range  of  native  browse  and  cover 
species  may  be  assured. 

(d)  Processing  - Oil  shale  processing  on  the  surface  would  require  the 
handling  of  large  amounts  of  materials.  The  amount  of  oil  shale  needed 
to  support  shale  oil  production  up  to  1 million  barrels  per  day  and  the 
volume  of  which  the  shale  occupies  in  place  and  after  mining  and  re- 
torting, have  been  detailed  in  the  previous  table. 

A number  of  retorting  processes  have  been  developed  worldwide  for  the 
production  of  oil  from  oil  shale.  Three  processes  that  have  been 
tested  using  large  experimental  equipment  appear  at  this  time  to  offer 
reasonable  possibilities  of  technical  and  economic  success  if  scaled  up 
to  commercial  design  size.  They  are  the  Gas  Combustion  process  de- 
veloped by  the  Bureau  of  Mines,  the  TOSCO  II  process  of  the  Oil  Shale 
Corporation,  and  the  Union  Oil  Company  process.  In  each  system  heat  is 
applied  to  raise  the  temperature  of  crushed  oil  shale  to  about  900  F., 
where  the  solid  organic  material  (kerogen)  is  converted  to  liquid.  The 
equipment,  method  of  heat  application,  and  operation  procedures  differ 
markedly  for  each  system. 

A 50,000-barrel  per  day  plant. would  be  expected  to  occupy  somewhat  less 
than  100  acres  for  crushing,  crushed  shale  storage,  retorting,  oil 
upgrading,  oil  storage,  parking,  office,  and  shop  facilities.  The 
retorting  plant  itself  would  require  5 to  10  acres  of  this  total. 

Offsite  requirements  for  each  plant  would  have  an  effect  on  the  sur- 
rounding area  to  some  degree.  Access  roads,  power  and  gas  transmis- 
sion facilities,  water  lines,  and  oil  pipelines  would  have  to  be  con- 
structed. Because  only  one  access  road  would  be  required  for  each  site, 
relatively  little  land  would  be  needed  for  road  building,  although  in 
some  areas  underpasses  and  suitable  fencing  might  be  required  to  re- 
duce interference  with  wildlife  migration  patterns. 

New  powerlines  should  be  constructed  in  accordance  with  the  environ- 
mental criteria  outlined  in  Rural  Electrification  Bulletin  61-10. 

Natural  gaslines,  if  required,  would  be  buried  underground,  using 
existing  techniques  for  filling  excavations  and  reseeding  the  right- 
of-way.  Water  supply  lines  would  be  buried,  employing  similar  practices. 
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Oils  from  the  retorting  processes,  with  the  possible  exception  of  the 
TOSCO  process,  will  require  upgrading  before  the  oil  can  be  transported 
through  pipelines  to  the  final  product  refineries,  which  are  expected 
to  be  located  outside  of  the  oil  shale  region.  Modern  refinery  pro- 
cesses are  suitable  for  subsequent  upgrading.  Each  process  also  pro- 
duces a retort  gas  that  may  be  used  within  the  plant  as  a fuel,  or 
alternatively,  to  generate  supplemental  electrical  power  for  nearby 
communities . 

In  the  shale  oil  upgrading  process,  the  principal  source  of  contaminated 
water  would  be  from  steam  condensed  in  the  gas  processing  facilities, 
which  would  contain  dissolved  organic  compounds,  ftiis  water  would  be 
purified  by  conventional  refinery  treatment  techniques  and  used  in  pro- 
cessed shale  disposal  or  similar  reclamation  programs.  The  water  used 
in  the  cooling  tower  also  may  contain  concentrations  of  dissolved  salts. 
Again,  this  would  be  conventionally  treated  and  used  in  shale  waste 
disposal . 

Hie  principal  problems  connected  with  an  associated  minerals  extrac- 
tion industry  would  be  those  concerned  with  solids  handling  in  stock- 
piling the  spent  shale  prior  to  dawsonite  roasting  and  in  disposal  of 
the  residue  after  alumina  recovery. 

No  critical  air  pollution  problems  are  anticipated  in  connection  with 
handling  and  utilizing  the  gases  produced  in  oil  shale  retorting 
operations.  Regardless  of  the  retorting  process,  gases  would  be  co- 
produced with  the  oil  product.  Hie  mixture  of  oil  and  gas  products 
would  be  conducted  via  a closed  system  from  the  pyrolysis  section  of 
the  process  operation  to  a separation  and  recovery  section.  Hie  mix- 
ture would  be  in  a state  varying  from  true  vapor  to  mist  to  liquid, 
depending  upon  the  particular  process  and  its  operating  conditions. 
Treatment  to  recover  the  maximum  amount  of  oil  also  would  remove  water 
and  particulate  matter.  Hie  remaining  product  gases  contain  small 
amounts  of  sulfur,  which  may  or  may  not  be  economically  recoverable. 

Any  powerplants  associated  with  oil  shale  development  would  produce 
stack  gases  which  could  be  sources  of  air  pollution.  Such  contamina- 
tion could  be  avoided  by  using  the  adequate  emission  control  tech- 
niques for  removal  of  particulate  matter  and  by  the  control  of  sulfur 
and  nitrous  oxide  emissions  through  the  use  of  low  sulfur  fuels,  com- 
bustion temperatures  control,  and  scrubbing. 

(e)  In  situ  development  - An  in  situ  system  involves  the  recovery  of  oil 
from  the  oil  shale  by  heating  it  underground  in  its  natural  place.  This 
technique  has  not  been  successfully  developed  or  demonstrated  on  a large 
scale  although  considerable  laboratory  and  field  research  has  been  carried 
out  by  government  and  industry. 
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Presently  proposed  heat  sources  for  in  situ  recovery  include  under- 
ground combustion,  hot  natural  gas,  hot  carbon  dioxide,  superheated 
steam,  hot  solvents,  and  combinations  of  two  or  more  of  these  sources. 

It  is  anticipated  that  conduits  for  introducing  air  or  heat  underground 
would  be  provided  by  wells,  mine  shafts  and  tunnels,  fractures  created 
by  a variety  of  techniques,  or  by  a combination  of  these  techniques. 

Surface  operations  for  in  situ  recovery  would  be  relatively  less  ex- 
tensive with  the  absence  of  problems  associated  with  mining  and  spent 
shale  disposal.  Disturbance  of  the  original  land  surface  and  vegeta- 
tion would  be  minor.  Earthmoving  would  be  limited  mostly  to  grading 
for  well  locations,  plant  sites,  and  field  roads.  It  is  anticipated 
that  less  than  10  percent  of  the  land  surface  over  an  in  situ  recovery 
project  would  be  affected  at  any  one  time. 

The  contamination  of  underground  water  could  pose  a problem.  All 
presently  contemplated  techniques  for  such  in  situ  operations  involve 
establishing  permeability  by  fracturing,  which  could  change  the  existing 
hydrology,  thus  introducing  problems. 

(f)  Waste  disposal  - The  residue  or  spent  shale  resulting  from  surface  te- 
tortiftg  is  inthe  'form  of  solid  particles  ranging  from  3 inches  in 
diameter  to  a fine  powder,  depending  on  the  retorting  method  used.  It 
will  normally  be  dry  but  may  be  wet  if  it  has  been  processed  to  recover 
saline  minerals.  Extraction  of  saline  minerals  would  minimize  the  pos- 
sibility of  leaching  these  minerals  into  ground  water  supplies.  Methods 
of  disposal  will,  therefore,  depend  on  the  physical  characteristics  of* 
the  material,  its  water  content,  and  the  location  of  the  disposal  area 
(surface  or  subsurface).  If  waste  is  to  be  returned  to  the  mine,  de- 
velopment plans  will  be  affected. 

In  an  area  broken  by  deep  gullies  or  arroyos,  the  waste  could  be  used 
to  fill  in  these  depressions  and  generally  change  the  landscape. 

Great  care  would  be  required  to  prevent  water  from  eroding  the  waste 
material  into  main  streams  and  rivers.  If  a room  and  pillar  mining 
system  is  used,  much  of  the  waste  could  be  returned  to  the  mine  and 
thereby  prevent  subsidence. 

Improper  handling  of  overburden  or  spent  shale  in  surface  disposal 
operations  could  create  windblown  dust  or  permit  sediments  to  be 
carried  from  the  waste  piles  by  surface  waters.  The  extent  of  this 
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problem  would  depend  largely  on  the  nature  of  the  material  being 
handled  and  how  it  is  treated  before  or  during  the  disposal  process. 

At  present,  either  wetting  spent  shale  piles  followed  by  compaction 
and  revegetation,  or  disposal  as  a slurry  followed  by  dewatering  would 
appear  to  be  the  most  feasible  methods  for  controlling  dust  and  sedi- 
mentation. 

The  rate  *of  waste  buildup  on  a typical  22-acre  disposal  site  from  a 
50,000-barrel  per  day  plant  (approximately  250  feet  per  year)  would 
far  exceed  the  buildup  of  soil  moisture  from  a low  annual  precipita- 
tion of  1 to  2 feet.  Because  of  this,  the  water  from  precipitation 
would  not  saturate  the  waste  material  during  the  emplacement  process. 

To  prevent  future  ground  water  contamination,  however,  it  may  be  neces- 
sary to  construct  an  impermeable  floor  over  the  area  where  the  waste 
material  is  to  be  deposited.  This  barrier  would  prevent  the  leach 
waters  from  entering  underground  water  systems  and  would  direct  percola- 
ting waters  toward  the  impoundment  dams  where  they  could  be  controlled 
for  treatment,  evaporation,  or  use.  However,  mineral  leaching  by  water 
percolating  through  the  waste  piles  is  not  anticipated  to  be  a signifi- 
cant problem  since  compacted  and  moistened  retorted  shale  has  been 
shown  in  experimental  tests  to  be  of  low  water  permeability.  Natural 
cementation  also  takes  place  over  relatively  short  time  periods,  particu 
larly  when  the  spent  shale  has  been  moistened  and  compacted,  tending  to 
minimize  surface  leaching  and  erosion. 

Design  concepts  for  controlling  sediment  problems  may  include  canals 
and  culverts  to  carry  runoff  water  around  and/or  under  the  disposal 
site.  Protection  against  flash  floods,  if  common  to  an  area,  could  be 
provided  by  upstream  dams  and  canals  that  would  divert  storm  runoff  from 
the  waste  pile.  Retaining  dikes  and  terraces  could  be  used  to  reduce 
the  sediment  yield  to  the  streams  to  an  amount  less  than  the  same  areas 
contribute  under  natural  conditions. 

Shale  oil  would  be  moved  to  refinery  centers  via  connecting  pipelines 
from  the  sites  to  existing  transcontinental  pipelines.  These  10  to 
12-inch  connecting  lines  could  be  constructed  in  some  cases  using 
existing  rights-of-way  to  ensure  minimum  surface  disturbance,  with 
appropriate  vegetation  and  positive  maintenance  to  prevent  leakage. 

The  pipelines  would  avoid  major  earthquake  regions;  maintenance  would 
be  reduced  because  of  lesser  opportunity  for  breaks  caused  by  natural 
disasters . 

The  extent  of  impacts  from  oil  losses,  should  an  incident  occur,  on 
habitat  and  associated  wildlife  and  fish  populations  would  depend  on 
numerous  factors,  including  volume  of  oil  lost,  leak  location,  and 
weather  conditions,  the  quantity  and  quality  of  wildlife  and  fish 
habitat  affected,  timing  with  respect  to  organism  life  history  stages, 
and  effectiveness  of  contingency  plans.  The  most  significant  impacts 
would  be  on  aquatic  organisms  and  water-related  birds  and  mammals. 
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Such  impacts  would  be  minimized  by  building  oil  handling  facilities 
and  routing  pipelines  to  avoid  the  more  vulnerable  habitats. 

Construction  of  the  pipelines,  together  with  the  accompanying  service 
roads,  would  cause  disruption  of  the  vegetation  patterns  in  a semi- 
arid  region,  but  revegetation  of  the  construction  zone  and  maintenance 
of  the  service  roads  should  minimize  any  adverse  effects  of  this 
construction.  Construction  of  service  roads  would  provide  public 
access  to  presently  little-used  areas  and  will  place  pressure  on  wild- 
life. 

(g)  Other  impacts  - One  of  the  greatest  possible  impacts  would  be  the  re- 
quirement for  large  amounts  of  water  required  for  retort  plants  and  the 
disposal  of  waste  water.  From  121,000  to  187,000  acre-feet  annually  would 
be  required  for  1 million  barrels  per  day  of  shale  oil  production. 

In  addition,  as  much  as  10  gallons  of  water  per  ton  of  shale  could  be 
produced  in  the  surface  retorts.  This  water  could  contain  dissolved 
saline  and  organic  compounds.  It  could  be  used  to  moisten  the  waste 
shale  to  prevent  dust  problems.  However,  it  would  require  treatment 
prior  to  other  uses  to  remove  hydrocarbons  and  malodorous  compounds, 
and  perhaps  dissolved  minerals. 

Large  quantities  of  natural  ground  water  (perhaps  25  million  acre-feet)  occur 
in  leached  zones  of  the  deep  oil  shale  areas,  but  the  location,  composition 
and  movement  of  such  waters  have  yet  to  be  defined  in  many  areas.  These 
aquifers  may  contribute  substantially  to  the  overall  water  supply  available  to 
satisfy  requirements  for  oil  shale  development. 

Use  of  ground  water  in  oil  shale  development  could  decrease  the  natural 
discharge  of  springs  and  seeps.  This  could  result  in  adverse  effects 
on  associated  vegetation,  and  any  fish  or  wildlife  dependent  on  that 
water  supply.  Careful  lease  site  selections  to  avoid  natural  water 
features  which  provide  aquatic  habitat  and/or  development  of  alternate 
water  sources  for  wildlife  would  prevent  or  mitigate  such  effects. 

Degradation  of  water  quality  could  occur  from  discharge  of  product  or 
waste  waters,  siltation  of  streams,  or  leaching  of  saline  minerals  from 
spent  shale.  It  could  be  avoided  in  most  cases  by  proper  design, 
equipment,  and  adequate  supervision  and  monitoring  of  operations. 

Leaching  of  spent  shale  would  not  be  expected  to  be  a problem  because 
properly  emplaced  waste  sites  will  harden  through  natural  cementation. 

In  addition  to  these  waters,  there  would  possibly  be  a water  slurry 
produced  by  a wet  scrubbing  process  used  to  remove  fine  dust  in  gas 
streams.  The  slurry  from  the  wet  scrubbing  could  be  used  to  wet  the 
spent  shale. 

Water  would  also  be  used  in  the  cooling  phase  of  the  process,  but  the 
amount  needed  could  be  kept  to  a minimum  by  employing  air  cooling. 

Any  "sour"  water  streams  produced  by  accidental  contact  with  oil  in 
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final  water  condensers  would  be  treated  by  conventional  oil  refinery 
methods. 

The  nature  of  the  foreseeable  problems  associated  with  water  quality 
would  depend  largely  upon  the  mineral  characteristics  of  the  processed 
shale  and  the  method  of  disposal.  The  foreseeable  problems,  as  out- 
lined, are  believed  controllable  with  present  technology. 

The  principal  sources  of  potential  air  pollution  in  an  oil  shale 
development  would  be  solid  particulates  resulting  from  mining  and 
spent  shale  disposal  operations,  dust  produced  during  crushing  and  re- 
torting operations,  process  stack  gases  from  retorting,  refinery  by- 
product gases  from  shale  oil  upgrading,  and  any  gases  from  electric 
generating  plants  or  similar  processes. 

Potential  dusting  from  surface  waste  disposal  piles,  mentioned  previ- 
ously, would  be  prevented  by  moistening  the  material  and  using 
disposal  and  revegetation  techniques  already  under  development  in 
field  tests.  If  residue  shale  were  transported  in  dry  form,  covered 
conveyors  may  be  required . 

Certain  areas  of  the  oil  shale  region  provide  a habitat  with  an 
attractive  combination  of  vegetation,  climatic,  physiographic,  and 
cultural  conditions  for  nearly  300  species  of  wildlife.  Fishery  habi- 
tat is  limited  and  inhabited  principally  by  nongame  fish  populations. 

Probable  and  potential  impacts  on  wildlife  and  fish  are  of  two  general 
types:  localized  impacts  at,  and  in  the  vicinity  of,  the  actual  oil 

shale  operations  and  impacts  resulting  from  ancillary  urbanization  and 
human  pressures. 

Construction  and  operation  would  have  varying  degrees  of  direct  and 
indirect  impacts  upon  fish  and  wildlife  and  their  habitat  in  the  imme- 
diate vicinity  of  mining  plants  and  along  their  appurtenant  roads, 
surface  facilities,  and  pipelines.  The  impacts  would  include  such 
things  as  alteration  of  wildlife  behavior  and  activity  patterns; 
removal  and  reduction  of  food  and  cover  through  removal  of  overburden 
and  surface  vegetation  for  mining,  roads,  plants,  etc.;  and  wildlife 
disturbance  from  noise  of  mining  and  industrial  operations. 

Aquatic  habitat  is  very  small  in  the  oil  shale  areas.  However,  were 
an  oil  shale  operation  established  within  the  vicinity  of  such  habi- 
tat and  changes  in  the  quality  of  local  surface  or  ground  water  were 
to  occur,  there  could  be  impacts  on  fish  populations.  Additionally, 
if  use  of  ground  water  for  development  and  operation  caused  a lowering 
of  natural  ground  water  discharges,  such  as  springs  and  seeps, 
potential  adverse  impacts  on  associated  ecological  features  would  re- 
sult. In  that  event,  supplemental  habitat  water  development  programs 
such  as  wells  and  reservoirs  would  be  required. 

Certain  species,  such  as  mountain  lion,  bear,  elk,  and  mule  deer  are 
by  nature  incapable  of  adjusting  to  the  aggregate  of  human  activities 
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in  a developing  area  (i.e.,  urban  expansion,  waste  disposal,  addi- 
tional recreation  use,  etc.)*  Although  populations  of  these  species 
in  the  oil  shale  areas  could  be  expected  to  decline  over  time  as  a 
result  of  oil  shale  production  and  population  pressures,  they  should 
not  decrease  to  the  extent  that  any  species  would  become  rare,  en- 
dangered or  extinct.  Added  hunting  and  angling  pressures  indirectly 
resulting  from  improved  access  and  increased  local  population  could 
reduce  the  hunting  and  angling  quality  for  some  species. 

The  oil  shale  lands  in  Colorado,  Utah,  and  Wyoming  are  located  in  a 
sparsely  settled,  semiarid  to  arid  region  of  moderately  high  eleva- 
tion. The  oil  shale  areas  are  now  used  primarily  for  livestock 
grazing,  agriculture,  or  recreation;  therefore,  some  changes  in  land  use 
patterns  would  result  with  development. 

Development  of  public  oil  shale  lands  would  have  little  direct  impact 
on  agricultural  activities,  since  most  agricultural  lands  are 
privately  owned.  However,  some  impact  could  occur  if  oil  shale  activ- 
ities jeopardized  water  resources  traditionally  used  for  irrigation 
purposes. 

The  magnitude  of  the  impact  that  oil  shale  operations  could  have  on  the 
region's  aesthetic,  cultural, -and  recreational  qualities  would  depend 
on  the  location  of  the  site,  its  size,  and  the  system  of  extraction 
and  processing  as  well  as  the  operating  practices  followed.  The  oil 
shale  area  is  generally  remote,  although  little  of  it  can  be  consid- 
ered true  wilderness.  Present  access,  ranching,  mineral  extraction 
activities,  and  recreational  use  (principally  hunting)  would  seem  to 
preclude  that  terminology.  "Primitive"  may  be  an  appropriate  term. 


Some  stretches  of  the  Green  River  may  qualify  as  either  a wild  or 
scenic  river  under  terms  of  the  Wild  and  Scenic  Rivers  Act  of  1968. 

A section  of  the  Green  River  in  Utah  is  a designated  Historic  Site. 

(2)  Tar  Sands 

Tar  sands  and  bituminous  sands  are  terms  used  to  describe  hydrocarbon- 
bearing deposits  distinguished  from  more  conventional  oil  and  gas 
reservoirs  by  the  high  viscosity  of  the  hydrocarbon,  which  is  not 
recoverable  in  its  natural  state  through  a well  by  ordinary  oil  and 
gas  producing  methods.  Reservoir  energy  is  typically  nonexistent,  or 
minimal,  so  that  for  production  to  be  initiated  and  sustained  some 
form  of  energy  (heat,  fluid  pressure,  mechanical  work  by  mining  mach- 
inery, etc.)  must  be  applied. 

Many  such  deposits  are  known,  but  only  a few  are  likely  to  become  of 
major  commercial  interest  to  North  America,  and  to  the  United  States 
in  particular,  in  the  next  15  to  30  years.  Chief  among  these  few  are 
the  Athabasca  deposit  in  northern  Alberta,  Canada,  and  the  Orinoco 
deposits  in  eastern  Venezuela  (National  Petroleum  Council,  1971).  The 
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National  Petroleum  Council's  (NPC)  Study  on  the  U.S.  Energy  Outlook 
(1971)  for  the  period  1971-1985  considered  only  deposits  with  tar 
sand  resources  of  0.5  billion  barrels  or  more  to  be  worth  evaluating 
as  potential  sources  likely  to  affect  the  united  States  energy  supply. 
Oily  five  such  deposits  were  identified  in  the  united  States.  Hiese 
five  deposits,  all  in  the  State  of  Utah,  are  estimated  to  contain  a 
total  of  about  17-27.6  billion  barrels  of  tar  sand  resources  in  place, 
based  on  outcrop  data  and  a relatively  few  drill-hole  observations. 
Therefore,  the  NPC  study  concluded  that  domestic  tar  sand  resources 
are  unlikely  to  have  an  important  role  in  the  United  States  energy 
supply  through  1985. 

The  following  factors  will  probably  deter  early  development  of  the 
Utah  deposits  (NPC  study  1971;  Ritzma,  1969,  1970). 

Hie  Tar  Sand  Triangle  and  Circle  Cliffs  deposits  are  largely  on 
Federal  lands.  Leasing  of  Federal  lands  for  asphaltic  minerals 
or  tar  sands  has  been  delayed  pending  legislative  action. 

Proposals  for  national  parks,  national  monuments,  desert  wilder- 
ness areas,  and  recreation  areas  cover  most  of  the  Circle  Cliffs 
and  Tar  Sand  Triangle  deposits  and  could  result  in  surface  use 
incompatible  with  mineral  resource  development. 

Lack  of  suitable  water  supply  may  constitute  a serious  handicap 
to  exploitation  of  the  Utah  deposits. 

Most  Utah  deposits  are  not  susceptible  to  mining,  but  more  likely 
will  be  developed  by  in  situ  methods,  the  technology  for  which 
has  yet  to  be  perfected. 

While  resource  estimates  have  been  made  for  the  Utah  deposits,  no 
estimates  are  available  as  to  the  potential  reserves  recoverable. 
Hie  recovery  by  in  situ  methods  is  estimated  to  be  only  in  the 
order  of  35-50  percent  of  the  resource  in  place. 

Hie  initial  development  of  tar  sand  production  technology  has  been  in 
the  Athabasca  region  of  Canada  since  it  is  there  that  the  largest  and 
most  accessible/ tar  sand  deposits  occur.  Hie  National  Petroleum 
Council  (1971)  estimates  that  174  billion  barrels  may  be  economically 
recoverable;  the  Alberta  Oil  and  Gas  Conservation  Board's  estimates 
are  even  higher.  Others  have  estimated  that  as  few  as  85  billion 
barrels  are  currently  minable  (Schurr  and  Homan,  1970).  No  Uhited 
States  deposits  are  as  rich  as  those  of  Athabasca. 

Hie  difficulty  of  the  tar  sand  extraction  process  has  caused  this 
synthetic  crude  oil  to  be  more  expensive  than  crude  oil  from  conven- 
tional sources.  Recently,  however.  Great  Canadian  Oil  Sands,  Limited, 
in  Alberta,  Canada,  has  enjoyed  sufficient  success  to  suggest  that 
tar  sands  could  become  competitive  and  Syncrude  Canada,  Limited,  has 
applied  for  expansion  of  capacity  (Syncrude,  1971). 
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Although  a decision  by  the  Canadian  Government  to  accelerate  the  ex- 
ploitation of  tar  sand  potential  might  significantly  increase  Canada's 
crude  oil  production  and  exporting  potential  by  1985,  it  is  unlikely 
because  of  existing  economic  conditions  that  development  of  the  tar 
sand  deposits  of  the  United  States  will  begin  or  contribute  signifi- 
cantly to  domestic  supply  by  1985.  (Canadian  production  is  currently 
limited  by  licensing  requirements  in  addition  to  the  technical  factors.) 

The  NPC  study  (1971),  based  on  experience  in  tar  sand  mining  in  Canada, 
reached  the  following  conclusions  with  respect  to  production  of  strip- 
mining methods:  "The  mining-extraction  route  is  most  applicable  to  the 

shallow  deposits  (up  to  100  or  150  feet  of  overburden).  Because  the 
bitumen  content  of  average  sand  is  normally  less  than  about  12  percent 
by  weight,  an  immense  tonnage  of  sand  and  overburden  must  be  moved, 
using  strip-mining  methods,  to  support  an  economically  large  synthetic 
crude  output.  The  ratio  is  about  2.4  tons  of  sand  and  1.0  ton  of  over- 
burden, more  or  less,  per  barrel  of  synthetic  crude  oil.  An  overall 
average  utilization  of  total  tar  sands  in  a mining  leasehold  may  be  on 
the  order  of  75  percent.'' 

Strip  mining  offers  the  highest  recovery  rates  and  most  economic  re- 
turn per  unit  area  subjected  to  exploitation  but  causes  maximum  dis- 
turbance of  surface  area  subjected  to  exploitation.  Few  large  united 
States  deposits  will  be  susceptible  to  strip-mining  methods  because  of 
the  thickness  of  overburden.  Material  filed  by  Syncrude  of  Canada  in 
support  of  its  application  in  Canada  (Syncrude,  1971)  for  amendment  of 
its  license  to  produce  additional  oil  from  tar  sands  provides  some 
indication  of  the  nature  of  operations  and  their  impact  on  the  environ- 
ment. These  impacts  are  somewhat  analogous  to  those  of  producing  oil 
from  oil  shale  (U.  S.  Department  of  the  Interior,  1972). 

Overburden  would  have  to  be  removed  and  stored  temporarily  until 
excavation  had  advanced  far  enough  to  permit  its  replacement  in  the 
mining  pit.  (Syncrude  anticipates  only  33  feet  of  overburden  and  low- 
bitumen  reject  sands--less  than  for  many  possible  oil  shale  operations 
--so  that  the  extent  of  overburden  problems  would  be  limited.)  Pro- 
duction of  125,000  barrels  per  day  for  13  years  would  be  from  an  area 
of  5.5  square  miles.  Surface  facilities  for  extraction  of  the  bitumen 
would  require  about  200  acres  of  land. 

Plans  for  using  underground  mining  methods  and  techniques  for  the 
development  of  tar  sand  resources  as  an  energy  source  are  unknown  at 
this  time.  In  situ  methods  will  more  likely  be  used  for  recovery 
from  deposits  at  depths  not  susceptible  to  strip  mining  as  many  tar 
sands  are  not  well  cemented  and  would  tend  to  slump  or  cave  if 
underground  mining  methods  were  used. 

At  present  there  is  no  commercial-scale  technology  available  for  in 
situ  recovery  of  tar  sand  resources,  although  this  method  is  being 
tested  in  a pilot  plant  stage.  This  method  holds  greatest  promise 
for  recovery  of  United  States  deposits. 


IV-133 


The  NPC's  1971  study  reached  the  following  conclusions  with  respect  to 
in  situ  methods: 

"The  two  methods  most  thoroughly  researched  and  tested  in  the 
field  involve  (1)  injecting  steam  plus  an  emulsifying  agent  (e.g. 
caustic  soda  as  used  in  a Shell  Oil  Co.  trial)  into  the  deposit 
and  (2)  using  thermal-recovery  or  'fire-flooding*  techniques  as 
experimented  with  by  Amoco  (Canada)  and  others.  For  either 
method  to  succeed,  communication  must  be  established  down-hole  in 
the  formation  between  the  injection  wells  and  the  production 
wells.  Field  tests  have  determined  that  this  can  be  achieved. 
Overall  recovery  of  in-place  bitumen  via  either  in  situ  technique 
is  estimated  to  be  on  the  order  of  35  to  50  percent,  distinctly 
lower  than  the  corresponding  value  for  mining  extraction." 

In  situ  processing  would  result  in  minimum  surface  disturbance.  Well 
locations  would  utilize  only  a small  percentage  of  the  surface.  There 
would  be  no  sand  tailings  and  resultant  disposal  problem.  However, 
recovery  rates  are  lower  than  that  achieved  by  strip  mining  and,  there 
fore,  greater  areas  would  have  to  be  subjected  to . development  in.prder 
to  achieve  the  same  volume  of  production.  Accordingly,  much  of  the 
resource  potential  would  be  lost  by  this  technique. 

Many  of  the  various  potential  environmental  impacts  associated  with 
the  mining  of  oil  shale  as  outlined  in  the  preceding  section  would  be 
similarly  applicable  to  tar  sand  mining. 

The  .NPC  study  of  1971  gives  the  following  analysis  of  processing  of 
the  bitumen  from  tar  sands,  based  on  current  operations  by  Great 
Canadian  Oil  Sands,  Ltd.  (GCOS)  and  plans  by  Syncrude  Canada,  Ltd., 
for  upgrading  the  Athabasca  tar  sand  deposits  to  a synthetic  crude  oil 
suitable  for  pipeline  distribution. 

"Upgrading  of  bitumen  to  synthetic  crude  suitable  for  shipment  to 
ref in ing -marketing  centers  for  manufacture  into  finished  products 
involves  hydrogen-enrichment  of  the  bitumen  by  some  means.  Also, 
for  a fuel-balanced  operation,  necessary  in  the  remote  locale  of 
major  tar  sands  deposits,  sufficient  bitumen  or  components 
thereof  must  be  set  aside  as  fuel-  for  the  operation,  and  for  pro- 
duction of  hydrogen.  These  requirements  result  in  a synthetic 
crude  product /bitumen  volume  ratio  of  from  about  0.78  (GCOS,  via 
coking  and  hydrogenation  of  coker  distillates)  to  0.87  (Syncrude, 
via  hydrovisbreaking  plus  hydrogenation  of  visbreaker  distil- 
lates) . Presumably  in  situ  bitumen  would  be  upgraded  in  about 
the  same  ratio  to  make  a similar  synthetic  crude." 

Commercial-scale  processing  methods  for  substantial  reserves  of  tar 
sands  in  Canada  have  now  been  developed.  These  methods  may  be 
directly  applicable  to  processing  of  United  States  deposits,  if  and 
when  they  are  developed,  without  extensive  pilot-plant  operation.  The 
coke  from  the  upgrading  process  is  recycled  as  a fuel  for  the  refining 
operation  and  not  left  as  a waste  product. 
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Prerefining  by  hydrogen  enrichment  of  tar  sands  in  Canada  has  resulted 
in  a superior  feedstock  for  pipeline  shipment  to  refining.  Both  the 
Canadian  and  the  United  States  deposits  in  Utah  are  advantageously  located 
to  nearby  existing  pipeline  facilities. 

According  to  Cameron  (1969) , "Present  production  from  the  GCOS  plant  is 
moving  primarily  to  the  Great  Lakes  area,  some  into  the  United  States. 

The  oil  will  have  traveled  1,925  pipeline  miles  to  its  destination  in  Sarnia, 
Ontario." 

Coke  obtained  from  processing  is  utilized  in  Canada  as  a fuel  for  the  re- 
fining operation.  Sulfur  could  also  be  recovered  as  a byproduct.  Initial 
plans  by  GCOS  were  to  recover  45,000  barrels  of  synthetic  crude  oil,  3,000 
tons  of  coke,  and  300  tons  of  sulfur  a day.  According  to  the  1971  NPC 
study,  "In  the  process  of  hydrogen-enrichment,  the  sulfur  and  nitrogen  con- 
tents are  reduced  to  tolerable  levels  via  hydrogenation  and  the  metals  exit 
with  the  carbon  residue  . . . ." 

On  a unit  basis  there  are  about  3.0  tons  of  waste  material  (2.0  tons  of 
sand  and  1.0  ton  of  overburden)  more  or  less  per  barrel  of  synthetic  crude 
oil  produced  using  strip-mining  methods  in  the  Athabasca  area  currently  under 
development.  Waste  associated  with  tar  sand  extraction  would  include  sand 
tailings,  overburden,  coke,  sludge,  sulfur  dioxide  emissions,  nitrogen  and 
metals;  however,  if  in  situ  technology  is  perfected,  the  waste  disposal 
problems  associated  with  stip  mining  will  be  eliminated. 

The  tailings  (sand  from  which  most  of  the  bitumen  has  been  removed)  are, 
in  the  Syncrude  operation,  initially  deposited  in  a diked  area  (retention 
pond,  9.32  square  miles)  to  prevent  contamination  of  water  supplies  by  run- 
off. Subsequent  tailings  would  be  returned  to  the  mined  area.  The  ex- 
traction process  uses  water  and  produces  an  oily  sludge  as  a byproduct.  The 
Syncrude  process  places  the  sludge  in  the  manmade  tailings  pond;  failure  to 
make  suitable  provision  for  disposal  of  sludge  and  tailings  could  lead  to 
contamination  of  water  supplies. 
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d.  Natural  Gas 


At  the  three  projected  levels  of  geothermal  development  considered  herein 
gas  alternatives  would  be  as  follows: 


Geothermal  capacity 
(MW) 


Gas  equivalent  per  year 

(trillion  Btu)  (billion  cu.ft.) 


298 

1,000  - 2,000 
7,000  - 20,000 


8 

27  - 54 

190  - 540 


8 

26  - 52 

184  - 524 


Natural  gas  is  a premium  fuel  as  it  is  clean  burning,  convenient  to  trans 
port  and  use,  and  has  the  least  detrimental  environmental  effects. 

Natural  gas  provides  one-third  of  the  Nation's  energy  requirements.  Resi- 
dential, commercial,  and  industrial  consumers  depend  on  it  for  approxi- 
mately, one-half  of  their  energy  needs,  and  one-fourth  of  the  requirements 
of  steam-electric  plants  is  supplied  by  natural  gas. 


The  emphasis  being  placed  on  improving  air  quality  will  further  accentu- 
ate demand  for  natural  gas  because  its  exhaust  contains  no  sulfur  and  no 
particulates.  During  recent  years,  demand  for  natural  gas  has  exceeded 
the  growth  rate  of  demand  for  total  energy;  energy  demand  has  increased 
at  an  annual  average  rate  of  5.1  percent  whereas  natural  gas  demand 
increased  6.1  percent  annually. 


Currently  gas  is  the  major  fuel  used  for  generating  electricity  in 
California,  where  it  accounts  for  three-fourths  of  the  steam-electric 
generation.  Major  electric  plants  use  natural  gas  on  an  "as  available" 
basis,  shifting  quickly  to  fuel  oil  during  periods  of  peak  gas  demand. 
However,  in  view  of  the  expected  high  future  demand  for  gas  for  other 
uses,  it  is  not  expected  that  fossil  fuel  additions  to  steam  generating 
capacity  on  the  west  coast  will  use  scarce  gas  supplies  but  will  rely 
instead  on  low-sulfur  content  fuel  oil.  The  projected  annual  gas  demand 
for  electricity  in  PAD  District  V (embracing  California,  Oregon, 
Washington,  Nevada,  Arizona,  Alaska,  and  Hawaii)  has  been  estimated  to 
be  1,050  trillion  Btu  (TBtu)  for  1975,  1,147  TBtu  for  1980,  and  1,315 
TBtu  for  1985  (National  Petroleum  Council,  1971).  However,  during  the 
same  periods  of  time,  the  shortfall  in  demand  over  supply  has  been  esti- 
mated to  be  980  TBtu  in  1975;  1,510  TBtu  in  1980;  and  2,240  TBtu  in  1985. 
With  an  estimated  constant  supply  of  some  54  TBtu  geothermal  resource 
potential  during  these  same  periods,  it  would  appear  that  gas  is  not  a 
feasible  alternative  in  that  there  will  not  be  enough  gas  to  supply  the 
demand,  let  alone  serve  as  an  alternative  for  geothermal  resources. 
Geothermal  resources  could  serve  to  supplement  the  shortfall  in  gas, 
particularly  in  the  category  where  gas  is  used  for  producing  electricity. 
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In  the  event  that  sufficient  gas  were  available  as  a substitute  for 
geothermal  power,  the  environmental  impacts  would  be  somewhat  similar. 
Both  sources  require  drilling  to  tap  energy  reservoirs,  construction  of 
pipelines,  electric  powerplants,  and  transmission  lines.  Both  have  mini- 
mal air  quality  impact,  and  water  quality  impacts  are  controllable  with 
currently  available  technology.  A major  difference  is  that  geothermal 
powerplants  must  be  located  close  to  the  heat  source  while  gas  can  be 
transported  great  distances  in  pipelines.  Normally,  gas-fired  electric 
generating  stations  are  sited  close  to  load  centers  to  minimize  electri- 
cal system  distribution  losses  while  geothermal  power  must  be  transmitted 
over  powerlines  to  the  point  of  energy  use. 

While  demand  for  natural  gas  has  been  increasing  at  rates  greater  than 
any  other  primary  fuel,  total  domestic  proved  reserves  of  natural  gas  now 
available  to  markets  have  been  declining  since  1967.  The  cumulative 
demand  for  natural  gas  during  the  period  1964  through  1970,  inclusive, 
amounted  to  126  trillion  cubic  feet,  an  average  of  18  trillion  cubic  feet 
per  year.  However,  during  this  time,  the  reported  proved  reserve  addi- 
tions, excluding  Alaskan  North  Slope  reserves,  increased  at  an  average 
yearly  rate  of  less  than  17  trillion  cubic  feet.  Thus,  the  inventory  of 
proved  reserves  has  been  diminishing  by  over  1 trillion  cubic  feet  per 
year. 

The  relatively  low  price  of  natural  gas  has  not  only  stimulated  the  rapid 
use  and  decline  of  natural  gas  supplies  but,  along  with  inflated  costs, 
it  has  diminished  incentives  to  search  for  and  develop  new  natural  gas 
deposits.  Total  proved  reserves  of  natural  gas  as  of  the  end  of  1970 
were  291  trillion  cubic  feet.  Estimates  of  reserve  additions  between 
197i  and  1985  in  the  conterminous  states  would  total  141  trillion  cubic 
feet.  The  significance  of  the  ratio  of  proved  reserves  to  annual  domes- 
tic production  (RIP)  is  important.  After  World  War  II,  the  RIP  rate 
exceeded  30  to  1;  by  1964,  it  had  declined  to  18  to  1;  and  in  1970,  to 
14  to  1.  It  is  not  clear  as  to  what  the  minimum  tolerable  RIP  ratio 
should  be,  but  based  on  industry  experience,  a RIP  of  10  appears  to  be 
the  minimum  that  could  be  tolerated  without  significant  and  recurrent 
curtailment  in  services. 

Several  possible  ways  of  increasing  or  supplementing  present  gas  reserves 
are: 

1.  Increase  the  price  of  natural  gas 

2.  Nuclear  stimulation  of  known  reservoirs 

3.  Increase  foreign  imports  of  pipeline  gas  and  liquefied  natural 
gas. 

4.  Synthetic  gas  from  coal  and  oil 
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(1)  Increase  the  Price  of  Natural  Gas 


The  amount  of  undiscovered  domestic  natural  gas  resources  recoverable 
with  current  technology,  estimated  by  both  Government  and  industry, 
exceeds  the  estimated  cumulative  demands  for  natural  gas  through  this 
century.  The  U.S.  Geological  Survey  has  estimated  that  there  are  approxi- 
mately 2,100  t'rillion  cubic  feet  of  undiscovered  natural  gas  resources 
recoverable  under  current  technology.  About  40  percent  of  this  quantity 
is  located  offshore.  Such  resources,  however,  will  be  translated  into 
supplies  at  meaningful  rates  only  when  economic  incentives  motivate  the 
industry  to  allocate  capital  for  exploration  and  development  efforts. 

Table  IV-20  indicates  the  sources  of  gaseous  fuels  considered  feasible 
between  1971  and  2000. 

In  1971,  domestic  supply  accounted  for  96  percent  of  total  U.S.  supply 
with  imports  accounting  for  only  4 percent.  In  2000,  the  forecast  indi- 
cates that  our  gaseous  fuel  supply  will  have  the  following  composition: 


Thus,  by  2000,  imports  could  account  for  28.2  percent  of  our  total  supply 
of  gaseous  fuels.  It  is  expected  that  the  bulk  of  the  pipeline  imports 
will  be  from  Canada.  Prices  paid  for  such  supplies  are  likely  to  result 
in  substantial  increases  in  prices  for  domestic  gas  supplies;  this  in  turn 
should  accelerate  exploration  for  new  domestic  gas  supplies. 

It  is  implicitly  assumed  that  price  increases  sufficient  to  elicit  the 
additional  domestic  supplies  forecast  will  be  forthcoming  and  that  these 
price  increases  will  make  supplemental  supplies  of  LNG  and  synthetic  gas 
economically  feasible  in  some  locations.  Production  of  the  synthetic 
gas  from  coal  is  dependent  on  making  the  mining  of  coal  (principally 
strip  mining)  environmentally  acceptable.  The  alternative  to  not  produc- 
ing this  synthetic  gas  from  coal  is  heavier  dependence  on  petroleum  and 
petroleum  products. 

The  estimates  of  the  Denver  Research  Institute's  Future  Requirements 
Committee  (FRC,  1971)  provide  an  upper  bound  on  gas  consumption  since 
they  assume  supplies  adequate  to  meet' all  estimated  requirements,  current 
costs,  evolutionary  technological  development,  and  no  major  war,  depres- 
sion, or  other  catastrophe.  The  critical  assumption  here  is  that  supplies 
will  continue  to  be  available  at  current  costs. 


Domestic  supply 

Domestic  natural  gas 
Synthetic  gas 


57.9  percent 

13.9 
71.8 


Subtotal 


Gas  imports 

Pipeline  imports 
Liquefied  natural  gas 


19.3 

8.9 

28.2  percent 


Subtotal 
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Estimated  gaseous  fuel  supply  schedule,  1971  actual  with 
projections  to  the  year  2000 
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The  lowest  projections,  in  contrast,  are  those  of  the  National  Petroleum 
Council’s  new  "Case  IV"  (NPC,  1972),  which  assumes  continuation  of  pres- 
ent trends,  i.e.,  restrained  prices  for  domestic  oil  and  gas,  the  cur- 
rent regulatory  climate,  and  continued  difficulty  in  reconciling  energy 
and  environmental  imperatives.  In  all  cases,  including  Case  IV,  the  NPC 
projects  a price  rise.  (The  NPC  examines  four  cases  in  all.  Case  I, 
the  most  optimistic,  "requires  a vigorous  effort  fostered  by  early  reso- 
lution of  controversies  about  environmental  issues,  ready  availability 
of  government  land  for  energy  resource  development,  adequate  economic 
incentives,  and  a higher  degree  of  success  in  locating  currently  undis- 
covered resources  than  has  been  the  case  in  the  past  decade."  Cases  II 
and  III  are  intermediate  assumptions.  Note,  however,  that  even  the 
NPC's  estimate  of  domestic  production  in  its  most  optimistic  case  does 
not  equal  the  "demand"  derived  by  the  Future  Requirements  Committee.) 

In  between  the  two  extremes  fall  the  projections  of  the  Federal  Power 
Commission  staff  (FPC,  1972)  and  the  latest  projection  by  the  Department 
of  the  Interior  (Dupree  and  West,  1972).  The  Federal  Power  Commission 
staff  projections  in  effect  assume  continuation  of  policies  current  as 
of  February  1972,  although  their  assumptions  concerning  price  are  not 
reported.  The  FPC  report  is  particularly  valuable  in  that  it  describes 
in  detail  the  projections  of  sources  of  gas  and  allocates  production 
estimates  by  region.  Note  that  this  projection  is  somewhat  more  opti- 
mistic than  the  NPC  estimate  of  the  outcome  of  current  trends;  it  in 
effect  assumes  an  enlightened  FPC  policy  and,  perhaps,  a measure  of  good 
luck. 

Finally,  the  most  recent  projection  by  an  Interior  group  (Dupree  and 
West,  1972)  takes  a middle  ground,  assuming  that  "inflationary  trends 
will  raise  the  nominal  prices  of  all  fuels  but  ...  fuel  prices,  in  gen- 
eral, will  rise  faster  than  other  commodity  prices  ....  Natural  gas 
prices  will  rise  fastest,  eliciting  the  supplies  forecast."  The  extent 
of  this  rise,  and  whether  it  would  necessitate  deregulation,  is  not 
stated.  (See  Table  IV-21) 

The  sale  of  natural  gas  for  resale  in  interstate  commerce  is  currently 
under  Federal  Power  Commission  jurisdiction.  In  1954,  the  Supreme  Court 
ruled  that  independent  producers  of  natural  gas,  whose  sale  of  gas  goes 
into  interstate  commerce,  were  not  exempted  from  regulations  under  the 
Natural  Gas  Act. 

Although  in  the  past  few  years  the  FPC  has  modified  its  pricing  policies 
to  be  more  responsive  to  the  gas  supply  situation,  the  FPC  Chairman,  on 
April  10,  1973,  urged  Congressional  action  to  amend  the  Natural  Gas  Act 
to  decontrol  the  price  of  new  gas  supplies.  The  President,  in  his 
Energy  Message  to  Congress  April  18,  1973,  proposed  such  action,  stating: 

"For  more  than  a decade  the  prices  of  natural  gas  supplies  to  pipe- 
lines under  this  extended  regulation  have  been  kept  artificially  low.  As 
a result,  demand  has  been  artificially  stimulated,  but  the  exploration 
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Table  IV- 21 


ESTIMATES  OF  U.S.  CONSUMPTION  OF  GAS  ± 


1/ 


Quadrillion 

(1015) 

BTU  Per 

year  2 J 

Date 

Source 

Ref.* 

1975 

1980 

1985 

1990 

2000 

4-70 

SRI 

(a) 

23.8 

29.9 

— 

— 

— 

4-70 

EBASCO 

(b) 

26.0 

30.4 

35.0 

- 

- 

10-70 

Morrison 

(c) 

- 

27.2 

- 

35.0 

41.7 

2-71 

Darnstadter 

(f) 

— 

■27.3 

— 

35.0 

47.1 

6?-71 

Oil  Co.. .#4 

(g) 

- 

28.4 

- 

- 

46.0 

6-71 

USDI 

(h) 

28.7 

— 

39.4 

— 

50.6 

7-71 

NPC  (Supply)  3/ 

(i) 

22.4 

22.5 

22.2 

— 

— 

9-71 

Starr 

(j) 

- 

26.0 

- 

- 

- 

10-71 

FRC 

5/ 

33.9 

38.5 

43.6 

50.1 

- 

?-71 

USBM 

(k) 

Low 

- 

- 

- 

- 

35.9 

Forecast  base 

- 

- 

- 

- 

40.4 

High 

- 

- 

- 

- 

57.5 

?-71 

AGA 

4/ 

25.8 

32.3 

40.3 

■ 49.7 

- 

?-71 

Schurr 

(n) 

- 

27.5 

- 

- 

- 

?-71 

Steele 

(o) 

- 

30.6 

— 

— 

- 

1-72 

USDI 

(h) 

28.7  y 

39.4  -f 

50.6 

2-72 

FPC 

7/ 

27.0 

25.8 

26.9 

30.2 

- 

2-72 

Morrison 

(p) 

— 

- 

— 

41.0 

6-72 

Chase 

(q) 

- 

- 

27.2  y 

- 

- 

11-72 

USDI 

(r) 

22.2 

27.0 

28.4 

- 

34.0 

12-72 

NPC 

Case  I 

(t) 

25.7 

31.4 

41.1 

- 

- 

Case  II 

(t) 

25.5 

29.4 

35.5 

- 

- 

Case  III 

(t) 

24.0 

25.4 

29.5 

- 

- 

Case  IV 

(t) 

23.6 

22.0 

22.6 

- 

- 

6/ 


Compound  growth  relative  to  1971 

actual 

consumption 

of  22 

.7  TCF 

alternative  rates  of: 

0% 

22.7 

22.7 

22.7 

22.7 

22.7 

3% 

25.6 

29.7 

34.4 

39.9 

53.6 

4% 

26.6 

32.7 

40.1 

49.3 

74.4 

5% 

27.6 

35.3 

45.0 

57.4 

93.6 

6% 

28.7 

38.4 

51.4 

68.8 

123.0 

See  notes  and  references 

on  following  pages. 
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Notes  to  Table  IV- 21 


1 J Actual  consumption  in  1971  was  22.734  Q.  * 

2/  Natural  gas  usually  contains  1,032  Btu/cu.ft.  Therefore,  1 Q is 
approximately  equal  to  1 trillion  cubic  feet  (TCF) . 

3/  The  NPC  uses  the  projections  of  potential  demand  made  by  the  Future 
Requirements  Committee  (DRI) ; these  data  reflect  no  consideration 
of  gas  supply  limitations  or  relative  changes  in  the  energy  pricing 
structure.  The  NPC  projections  of  available  supply  (including 
imports)  are  considered  to  be  demand- limiting  elsewhere  in  the  NPC 
report. 

4/  American  Gas  Association  (AGA) , 1971,  Department  of  Statistics, 

"Gas  Utility  and  Pipeline  Industry  Projections  1969-73,  1975,  1980, 
1985,  and  1990." 

5/  Future  Requirements  Committee  (FRC),  Future  Requirements  Agency, 
Denver  Research  Institute,  1971,  "Future  Gas  Requirements  of  the 
United  States,"  vol.  4,  October  1971. 

6/  Republication  of  earlier  estimate. 

U (FPC,  1972);  converted  from  volume  at  1,032  Btu/cu.ft. 

8/  Converted  from  12,830,000  barrel/day  equivalent,  assuming 
5,800,000  Btu/bbl. 


* Actual  consumption  in  1972  was  23.308  Q (USBM,  1973). 
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References  to  Table  IV- 21 
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and  development  required  to  provide  new  supplies  to  satisfy  this  increasing 
demand  have  been  allowed  to  wither.  This  form  of  government  regulation 
has  contributed  heavily  to  the  scarcity  we  now  anticipate. 

"As  a result  of  its  low  regulated  price,  more  than  50  percent  of 
our  natural  gas  is  consumed  by  industrial  users  and  utilities,  many  of 
which  might  otherwise  be  using  coal  or  oil.  While  homeowners  are  being 
forced  to  turn  away  from  natural  gas  and  toward  more  expensive  fuels, 
unnecessarily  large  quantities  of  natural  gas  are  being  used  by  industry. 

"Furthermore,  because  prices  within  producing  States  are  often 
higher  than  the  interstate  prices  established  by  the  Federal  Power  Com- 
mission, most  newly  discovered  and  newly  produced  natural  gas  does  not 
enter  interstate  pipelines.  Potential  consumers  in  non-producing  States 
thus  suffer  the  worst  shortages.  While  the  Federal  Power  Commission  has 
tried  to  alleviate  these  problems,  the  regulatory  framework  and  attendant 
judicial  constraints  inhibit  the  ability  of  the  Commission  to  respond 
adequately. 

"It  is  clear  that  the  price  paid  to  producers  for  natural  gas  in 
interstate  trade  must  increase  if  there  is  to  be  the  needed  incentive 
for  increasing  supply  and  reducing  inefficient  usage.  Some  have  sug- 
gested additional  regulation  to  provide  new  incentives,  but  we  have 
already  seen  the  pitfalls  in  this  approach.  We  must  regulate  less,  not 
more.  At  the  same  time,  we  cannot  remove  all  natural  gas  regulations 
without  greatly  inflating  the  price  of  gas  currently  in  production  and 
generating  windfall  profits. 

"To  resolve  this  issue,  I am  proposing  that  gas  from  new  wells,  gas 
newly-dedicated  to  interstate  markets,  and  the  continuing  production  of 
natural  gas  from  expired  contracts  should  no  longer  be  subject  to  price 
regulation  at  the  wellhead.  Enactment  of  this  legislation  should  stimu- 
late new  exploration  and  development.  At  the  same  time,  because  increased 
prices  on  new  unregulated  gas  would  be  averaged  in  with  the  prices  for 
gas  that  is  still  regulated,  the  consumer  should  be  protected  against 
precipitous  cost  increases. 

"To  add  further  consumer  protection  against  unjustified  price 
increases,  I propose  that  the  Secretary  of  the  Interior  be  given  authority 
to  impose  a ceiling  on  the  price  of  new  natural  gas  when  circumstances 
warrant.  Before  exercising  this  power,  the  Secretary  would  consider  the 
cost  of  alternative  domestic  fuels,  taking  into  account  the  superiority 
of  natural  gas  from  an  environmental  standpoint.  He  would  also  consider 
the  importance  of  encouraging  production  and  more  efficient  use  of  natural 
gas ." 

Concurrent  with  the  President's  Energy  Message,  proposed  legislation  was 
submitted  to  Congress  to  amend  the  Natural  Gas  Act.  Until  such  legisla- 
tion is  passed  by  Congress,  however,  the  wellhead  price  of  new  gas  will 
continue  to  be  regulated  by  the  Federal  Power  Commission. 
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Deregulation  of  the  price  of  new  gas  is  a policy  option  which,  if 
implemented,  should  stimulate  the  economic  incentive  for  the  discovery  of 
new  supplies  and  reduce  inefficient  use  of  the  fuel.  When  prices  go  up, 
producers  will  find  greater  opportunity  for  profit  in  developing  resources 
which  under  present  pricing  levels  and  policies  might  seem  too  risky  or 
uneconomical  to  develop.  On  the  other  hand,  consumers  will  be  less  will- 
ing to  pay  higher  prices  and  may  curtail  some  uses  of  the  fuel,  tending 
to  bring  supply  and  demand  into  balance. 

A thorough  analysis  of  the  environmental  impact  of  deregulation  of  the 
wellhead  price  of  gas  is  currently  in  process  at  the  Department  of  the 
Interior.  In  the  interim,  it  should  be  noted  that  this  alternative  would 
not  result  directly  in  any  specific  action.  It  would,  however,  trigger 
market  forces  which  would  result  in  increased  activities  impacting  on  the 
environment.  These  activities  would  center  on  increased  domestic  pro- 
duction both  onshore  and  offshore  of  natural  gas  and  associated  oil. 
Discussion  of  the  impact  of  these  activities  is  contained  in  the  alterna- 
tives of  increasing  onshore  and  offshore  oil  and  gas  production. 

(2)  Nuclear  Stimulation  of  Known  Reservoirs 

Nuclear  stimulation  by  fracturing  low  permeability  gas  reservoirs  other- 
wise incapable  of  sustaining  commercial  production  may  have  potential  to 
add  materially  to  U.S.  recoverable  gas  reserves.  However,  it  may  be  a 
controversial  method  as  there  appears  to  be  many  built-in  potential 
adverse  environmental  hazards.  Much  research  yet  remains  to  be  done  so 
it  is. not  expected  to  provide  significant  additions  to  reserves  over  the 
short  term. 

The  Atomic  Energy  Commission  is  experimenting  in  design  and  testing  of 
nuclear  explosives  and  in  techniques  for  utilizing  the  effects  of  multiple 
nuclear  explosives  to  recover  natural  gas  locked  in  tight  geological  for- 
mations. Such  gas  cannot  now  be  economically  produced  by  conventional 
methods.  Most  reserves  amenable  to  nuclear  stimulation  lie  in  thick, 
deep  reservoirs  of  very  low  natural  permeability  located  in  the  Rocky 
Mountain  area. 

Project  Gasbuggy,  a cooperative  effort  of  the  AEC  and  El  Paso  Natural  Gas 
Company,  involved  detonation  of  a 29  kiloton  nuclear  device  in  the 
Pictured  Cliffs  formation,  a rock  strata  near  Farmington,  New  Mexico. 

The  device,  set  off  at  a depth  of  4,000  feet,  created  a crushed  rock 
cavity  of  about  0.5  million  cubic  feet  within  which  most  of  the  radio- 
activity was  contained.  From  January  10,  1968,  when  it  was  set  off,  to 
November  1968,  300  million  cubic  feet  of  gas  was  extracted  from  the  cavity. 

Projects  Gasbuggy  and  Rulison  are  essentially  pilot  experiments  involving 
the  detonation  of  a single  nuclear  explosive.  Both  of  these  projects  are 
clearly  demonstrating  that  recovery  of  natural  gas  by  nuclear  explosion 
stimulation  is  technically  feasible  and  economically  promising.  The  next 
development  phase  involves  techniques  for  using  multiple  explosives  in  a 
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single  wellbore.  Gas  formations  amenable  to  nuclear  explosion  stimulation 
are  thicker  than  can  be  effectively  and  feasibly  stimulated  by  a single 
explosion.  The  Rio  Blanco  Project,  part  of  this  phase,  involved  simul- 
taneous detonation  of  three  30-kiloton  nuclear  devices  more  than  a mile 
underground  on  May  17,  1973.  The  blast,  which  registered  5.3  on  the 
Richter  scale,  is  expected  to  produce  17.5  billion  cubic  feet  of  natural 
gas  from  sandstone  formations  at  Meeker,  Colorado.  The  gas  should  fill 
the  cavity  created  by  the  blast,  from  where  it  can  be  piped  to  the  surface. 

The  Atomic  Energy  Commission  has  reported  on  the  possible  scope  of  nuclear 
stimulation  and  has  provided  an  economic  assessment  of  the  technical  pro- 
grams needed  to  achieve  commercially  viable  application  of  nuclear  stimu- 
lation of  natural  gas  wells.  The  AEC  concluded  that,  based  on  certain 
assumptions,  "over  10  percent  of  the  Nation's  current  gas  consumption 
could  be  met  by  gas  from  nuclear  stimulation  by  a development  rate  of 
about  50  wells  per  year."  The  report  indicates,  however,  that  it  would 
■take  approximately  20  years  before  gas  produced  from  stimulated  reservoirs 
would  be  about  equal  to  10  percent  of  1969  consumption.  To  accomplish 
this  level  of  production  it  would  be  necessary  to  explode  4,000  nuclear 
devices  of  100  kilotons  each  in  1,000  wells  over  20  years. 

Assuming  successful  development  of  the  technology,  the  AEC  estimates  that 
nuclear  stimulation  could  add  some  1 trillion  or  more  cubic  feet  of 
natural  gas  to  U.S.  production  per  year  beginning  in  the  late  1970's  or 
early  1980' s.  However,  several  years  of  development  work  are  needed 
before  the  nuclear  stimulation  technology  will  be  available  for  commer- 
cial applications. 

Environmental  effects  of  nyclear  stimulation  to  increase  natural  gas  pro- 
duction from  tight  reservoirs  are  related  to  radioactivity  and  seismic 
disturbance,  both  of  which  concern  the  surface  or  subsurface,  leaving 
atmospheric  contamination  or  disturbance  unlikely.  The  depth  of  the  gas 
formations  of  interest  throughout  the  Rocky  Mountain  area  is  such  that 
the  probability  of  releasing  any  radiation  to  the  atmosphere  at  detona- 
tion time  is  very  low.  Most  radioactivity  produced  by  the  explosives 
will  remain  underground  trapped  in  the  resolidified  rock  near  the  bottom 
of  the  chimney  or  attached  to  the  rock  surfaces  in  the  chimney.  Project 
design  should  take  into  account  mobile  waters  and  assure  that  chimneys 
remain  isolated  from  them.  The  formations  of  interest  for  nuclear  explo- 
sive stimulations  are  generally  at  depths  of  5,000  to  10,000  feet  or 
deeper,  have  low  permeability,  and  would  not  be  expected  to  contain 
mobile  water.  Significant  vertical  communication  with  shallow  water- 
bearing formations  through  existing  or  created  faults  or  fractures  could 
present  a serious  limitation.  Water  produced  with  the  gas  from  nuclear 
explosive  stimulated  wells  will  contain  tritium.  Control  methods  to 
dispose  of  this  contaminant  will  have  to  be  developed. 

The  chemical  composition  of  the  gas  itself  in  each  stimulated  well  is 
assumed  to  be  similar  to  that  measured  in  the  first  experiments.  The 
initially  large  carbon  dioxide  concentration  in  the  chimney  would  be 
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reduced  by  dilution  with  pipeline  gas  or  carbon  dioxide  would  be  removed 
by  standard  gas  field  practices.  Gas  production  from  the  wells  could  be 
delayed  until  short-lived  radionuclides  decayed.  Technical  information 
from  subsequent  experiments  will  aid  in  defining  the  time  for  initiation 
of  production. 

The  remaining  gaseous  isotopes,  tritium  and  krypton-85,  are  calculated 
to  provide  less  than  one  millirem  per  year  of  exposure  to  the  general 
population  if  the  gas  were  used  as  a part  of  the  total  gas  supply  of  a 
large  city.  No  insurmountable  problem  is  anticipated  in  meeting  future 
regulations  or  standards  developed  for  sale  of  the  gas. 

The  potential  environmental  impacts  resulting  from  nuclear  stimulation 
of  a single  well  or  in  a small  geographic  area  have  been  evaluated  in 
the  environmental  impact  statements  prepared  for  the  proposed  Phase  I 
Rio  Blanco  1/  and  Wagon  Wheel  2/  projects.  Extrapolation  of  the  impact 
to  a full  commercial  development  relates  primarily  to  the  frequency  and 
size  of  explosives  and  to  changes  in  local  environment  as  the  areas  of 
development  expand. 

AEC's  proposed  schedule  calls  for  drilling  and  firing  100  wells  per  year 
(for  possibly  50  to  60  years).  On  the  average  this  would  involve  approxi- 
mately 370  explosive  devices  per  year--usually  three  or  four  explosives 
in  each  well.  Spread  uniformly  over  the  year,  simultaneous  firing  of  the 
multiple  explosive  loads  could  result  in  local  area  disturbances  as  often 
as  every  9 days.  This  would  have  a substantial  impact  on  wildlife  and 
public  residents  and  visitors.  AEC  estimates  that  4 detonation  days  per 
year  should  suffice  for  the  30  to  40  wells  to  be  completed  for  each  field 
area.  The  size  of  the  explosive  required  to  stimulate  the  very  thick 
geologic  section  and  the  actual  seismic  effect  of  such  devices  are  still 
being  evaluated. 

In  extrapolating  the  projected  or  observed  impact  of  test  projects,  con- 
sideration must  be  given  to  the  total  environment  of  the  basin.  The  site 
for  the  Rio  Blanco  experiment,  for  example,  is  relatively  isolated. 

There  are  thought  to  be  no  surface  or  subsurface  structures  or  operations 
in  the  zone  of  substantial  damage.  The  fact  that  this  will  not  invari- 
ably be  true  is  an  important  environmental  consideration  when  planning 
commercial  development. 

By  its  nature,  nuclear  stimulation  has  a dramatically  destructive  effect 
on  the  natural-gas  host  rock.  The  fracture  zone  should  extend  300  to  400 


1 J Environmental  Statement — Rio  Blanco  Gas  Stimulations  Project, 

U.S.  Atomic  Energy  Commission,  Washington,  D.C.,  Dept.  Wash.,  1519 
(April  1972). 

2/  Environmental  Statement — Wagon  Wheel  Gas  Stimulation  Project, 

U.S.  Atomic  Energy  Commission,  Washington,  D.C.,  Dept.  Wash.,  1324, 
(April  1972). 
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feet  from  the  center  of  the  explosion.  Also,  the  compression  wave  moving 
out  from  the  explosion  can  cause  spall  near  a free  surface  (ground  level) 
or  other  faulting  or  fracturing  in  areas  where  there  are  large  directional 
stress  concentrations.  This  leads  to  concern  if  other  valuable  mineral 
resources  exist  in  the  area. 

The  development  of  nuclear  stimulation  of  natural  gas  reservoirs  may  be 
accompanied  by  some  possible  damage  to  existing  structures  due  to  ground 
motion.  Damages  would  have  to  be  repaired  or  compensation  rendered  to 
owners.  Ground  motion  is  predictable  and  utmost  care  would  be  used  to 
minimize  this  effect. 

It  has  been  suggested  that  residual  stress  from  a number  of  detonations 
might  accumulate  and  present  an  earthquake  stimulation  hazard  not  present 
in  a single  detonation.  The  best  evidence  available  on  this  point  is 
from  experience  with  the  Nevada  Test  Site,  where  data  from  seismic  wave 
generation  and  from  stimulated  fault  motion  indicate  that  the  cumulative 
effect  of  many  explosions  is  to  reduce  ambient  stress  levels  rather  than 
to  increase  them.  A recent  series  of  high-precision  geodolite  measure- 
ments indicate  also  that  the  residual  strain  field  around  a single  explo- 
sion site  tends  to  relax  with  time.  In  any  case,  observations  of  the 
seismic  effects  of  a series  of  detonations  would  permit  continuing 
appraisal  of  this  issue. 

(3)  Increase  Foreign  Imports  of  Pipeline  Gas  and  Liquefied  Natural  Gas 

If  projected  natural  gas  demand  is  to  be  met,  domestic  production  of 
natural  gas  will  have  to  be  supplemented  in  order  to  fulfill  demand. 

These  supplements  will  come  in  the  form  of  synthetic  gas  from  coal  and/or 
liquid  hydrocarbons  or  as  imports.  Natural  gas  imports  could  come  into 
the  United  States  via  pipeline  from  Canada  or  Mexico  or  as  tanker-borne 
liquefied  natural  gas  (LNG)  from  other  countries. 

(a)  Pipeline  natural  gas  imports 

Pipeline  imports  of  natural  gas  into  the  United  States  have  come  from  the 
two  bordering  countries  of  Canada  and  Mexico.  In  1971,  0.9  trillion 
cubic  feet  were  imported  via  pipeline  from  Canada,  while  0.025  trillion 
cubic  feet  came  from  Mexico.  There  is  little  prospect  for  increased 
imports  from  Mexico.  A relatively  small  proven  natural  gas  supply  base 
and  a policy  of  "self-sufficiency  in  energy"  indicate  that  potential  new 
gas  will  probably  not  be  available  for  export.  Present  contracts  expire 
in  1982;  thus,  if  no  new  supplies  of  gas  are  released  for  export,  signifi- 
cant natural  gas  imports  from  Mexico  could  cease  at  that  time.  1/  Future 
increases  in  pipeline  imports  of  natural  gas  will,  therefore,  have  to 
come  from  Canada. 


1 / Federal  Power  Commission,  Bureau  of  Natural  Gas,  National  Gas  Supply 
and  Demand  1971-1990  Report  No.  2,  Feb.  1972,  p.  57. 
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Based  on  actions  by  the  Canadian  National  Energy  Board  (NEB),  it  appears 
that  future  increases  in  natural  gas  exports  from  Canada  may  be  limited. 

In  November  1971,  the  NEB  dismissed  three  applications  for  licenses  to 
export  nearly  2.7  trillion  cubic  feet  of  gas  to  the  U.S.  The  NEB  rejected 
the  applications  because  "...  the  Board  decided  that  there  was  no  surplus 
of  gas  remaining  after  due  allowance  had  been  made  for  the  reasonably 
foreseeable  requirements  for  use  in  Canada..."  (FPC,  p.  51). 

The  NEB’s  determination  that  there  was  no  surplus  of  gas  was  based  on 
the  method  used  for  calculating  the  required  supply.  The  Board  makes  * 
determinations  of  both  current  and  future  natural  gas  supply  when  consid- 
ering export  applications.  Under  NEB  requirement,  the  current  gas  supply 
should  be  adequate  to  meet  authorized  deliveries  under  existing  export 
licenses  as  well  as  current  Canadian  domestic  demand  for  almost  30  years. 

On  this  basis,  in  1971,  there  was  a supply  deficiency  of  1.1  trillion 
cubic  feet.  The  future  supply  must  be  adequate,  based  on  a given  level 
of  annual  reserve  additions,  to  protect  existing  export  licenses  and  to 
maintain  a reserve  to  production  ratio  of  approximately  30  for  Canada's 
projected  domestic  requirements  for  20  years  into  the  future.  If  pro- 
jected gas  supply  exceeds  projected  supply  requirements,  an  exportable 
surplus  results.  FPC  calculations  based  on  the  historical  finding  rate 
of  3.5  trillion  cubic  feet  per  year,  show  that  supply  could  fall  23.4 
trillion  cubic  feet  short  of  these  requirements  (FPC,  p.  51). 

Recent  discoveries  in  the  Arctic  Islands,  Mackenzie  Valley,  and  Atlantic 
offshore  regions  will  eventually,  however,  result  in  larger  reserve 
additions.  The  NEB  will  not  consider  these  new  discoveries  in  its 
reserve  calculations  until  they  have  been  developed  sufficiently  to  be 
within  economic  reach.  If  the  discoveries  continue  and  are  developed, 
major  surpluses  may  become  available  for  export  by  the  end  of  this  decade. 

Table  IV- 22  shows  various  projections  of  pipeline  imports  from  Canada. 

The  environmental  impacts  of  pipelines  carrying  gas  from  Canada  and  Mexico 
would  be  essentially  the  same  as  for  pipelines  for  movement  of  domestic 
resources . 

Natural  gas  from  the  Alaska  North  Slope  probably  will  be  transported  to 
the  U.S.  via  a trans -Canadian  pipeline  as  costs  would  be  considerably 
less  than  liquefaction  and  vessel  transport.  However,  until  the  North 
Slope  pipeline  issue  is  resolved  and  production  of  oil  begins,  gas  plans 
cannot  be  finalized. 

The  Prudhoe  field  has  large  reserves  of  natural  gas  dissolved  in  or  associ- 
ated with  its  crude  oil  reserves.  Recoverable  gas  reserves  in  the  field 
were  estimated  to  be  26  trillion  cubic  feet  as  of  the  end  of  1970.  An 
average  of  750  cubic  feet  of  dissolved  gas  per  barrel  1 / for  the  proved 


1 / Suggested  by  the  data  given  in  Bureau  of  Natural  Gas,  Federal  Power 
Commission,  National  Gas  Supply  and  Demand;  1971-1990,  pp.  98-99. 
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Table  IV- 2 2 


Pipeline  Imports  from  Canada 
(trillion  cubic  feet) 


1975 

1980 

1985 

FPC  1/ 

1.2 

1.6 

1.9 

Interior  2/ 

2.0 

3.0 

4.1 

NPC  3/ 

1.0 

1.6 

2.7 

1 / Federal  Power  Commission,  Natural  Gas  Supply  and  Demand, 
1971-1990,  Staff  Report  No.  2,  February  1972,  p.  57. 

2 / Department  of  the  Interior,  U.S.  Energy  Through  the  Year 
2000,  p.  45.  (Includes  Mexican  imports) 

3/  National  Petroleum  Council,  U.S.  Energy  Outlook,  p.  267. 


oil  reserves  of  9.6  billion  barrels  would  indicate  reserves  of 
approximately  7 trillion  cubic  feet  of  dissolved  gas  and  19  trillion 
cubic  feet  of  associated  gas.  These  reserves  which,  like  the  crude  oil 
reserves  of  the  Prudhoe  Bay  field,  are  subject  to  extension  and  revision 
constituted  8.9  percent  of  recoverable  U.S.  natural  gas  reserves  at  the 
end  of  1970.  They  also  make  the  Prudhoe  Bay  field  the  13th  largest  gas 
field  ever  discovered  in  the  world  (National  Gas  Supply  and  Demand;  1971- 
1990,  p.  74) . 

The  estimated  reserves  of  the  Prudhoe  Bay  field  do  not  exhaust  the  oil 
and  gas  potential  of  the  Arctic  Slope  province  in  Alaska.  The  Prudhoe 
Bay  field  is  located  in  the  Colville  Basin.  Geologically,  this  basin  is 
classified  as  an  intermediate  crustal  type  (i.e.,  its  underlying  crust 
is  intermediate  to  that  beneath  continents  and  that  beneath  oceans),  the 
basin  itself  being  extracontinental  (located  on  the  margin  of  a continent) 
and  sloping  downward  into  a small  ocean  basin.  Extracontinental,  downward 
warping  basins  are  among  the  richest  sources  of  oil  and  gas  in  the  world. 
Examples  of  such  basins  include  the  Arabian  platform  and  Iranian  basin 
(Persian  Gulf),  the  East  Texas  basin,  and  the  Tampico  embayment  (Mexico). 
Over  half  of  the  119  known  oil  fields  with  at  least  1 billion  barrels  of 
recoverable  reserves  are  found  in  the  10  known  basins  of  this  type 
(Halbouty) . 

The  ultimate  potential  of  the  onshore  area  in  the  Arctic  Slope  province 
is  uncertain.  The  platform  along  the  Arctic  Coast  gives  considerable 
geologic  indications  of  being  very  favorable  for  both  oil  and  gas  (Gryc, 
1971).  Comparison  with  the  history  of  similar  basins  indicates  a high 
probability  of  further  discoveries  of  varying  size.  Professional  esti- 
mates of  ultimate  recovery  for  the  province  range  from  30  to  50  billion 
barrels  (Cram).  Recall,  here,  that  the  Prudhoe  Bay  field  alone  is  likely 
to  supply  20  billion  barrels  of  crude  oil.  Considerably  higher  estimates 
than  these  have  been  made,  1/  but  the  geologic  evidence  for  them  is  lacking. 

Similarly,  the  natural  gas  prospects  of  the  North  Slope  are  not  limited 
to  the  Prudhoe  Bay  field.  Several  gas  fields  were  discovered  in  the 
1940's  and  1950 's  on  NPR-4,  the  largest  of  which  was  the  Gubik  field 
with  300  billion  cubic  feet  of  reserves.  Geologic  investigations  of 
other  parts  of  the  North  Slope  have  indicated  a favorable  potential  for 
future  gas  discoveries  within  them  as  well. 

(b)  Import  of  Liquefied  Natural  Gas  (LNG) 

Because  of  the  growing  shortage  of  domestic  gas  supplies,  plans  now  are 
being  made  by  the  gas  industry  for  baseload  LNG  imports  under  long-term 
contracts.  LNG  imports  cannot,  however,  simply  be  increased  to  meet  the 
demands  for  greater  supplies  of  natural  gas.  Large-scale  shipping  of 


1/  Governor  Egan  of  Alaska  was  quoted  in  The  Oil  Daily,  July  7,  1971, 
p.  3,  with  an  estimate  of  150  to  300  billion  barrels. 


IV- 151 


LNG  is  a relatively  new  industry  and  the  United  States  does  not  yet  have 
facilities  for  receiving  baseload  shipments.  The  FPC  recently  approved 
two  projects  which  together  call  for  deliveries  of  the  equivalent  of  more 
than  1 billion  cubic  feet/day  of  LNG.  Several  other  projects  have  been 
proposed  and  are  pending  approval.  Future  import  levels  will,  therefore, 
be  dependent  on  the  rate  of  buildup  of  the  United  States'  LNG  industry. 

In  1971,  non-Communist  natural  gas  proved  reserves  were  estimated  to  be 
1,033  TCF  and  production  was  138  TCF.  The  estimate  of  future  discover- 
able reserves  was  6,167  TCF  (NPC) . It  appears,  therefore,  that  suffici- 
ent supplies  of  natural  gas  will  be  available  for  export  to  the  United 
States.  Following  is  NPC's  estimate  of  maximum  LNG  imports  and  a break- 
down by  source  country.  The  second  column  shows  the  calculated  backup 
of  reserves  necessary  to  support  the  estimated  level  of  exports  to  the 
U.S.  (based  on  12.5  billion  cubic  feet  of  reserves  for  each  million  cubic 
feet  per  day  of  export),  and  the  third  column  shows  proved  reserves  as 
of  January,  1971. 

1985  LNG  IMPORT  PROJECT  SUPPLY 


Country 

LNG 

Projects 

(MMCF/Day) 

Calculated 

Reserve 

Backup 

(TCF) 

1/3/71 

Reserve 

Estimate 

Algeria 

4.350 

54.4 

106.5 

Nigeria 

3,500 

43.8 

40.0 

Venezuela 

1,000 

J2.5 

25.4 

Trinidad 

300 

3.8 

5.0 

Ecuador 

500 

6 3 

6.0 

Pacific 

1,000 

12.5 

42.9 

Even  without  further  discoveries,  these  countries  appear  to  have  suffi- 
cient reserves  to  support  exports  to  the  United  States.  LNG  receiving 
points  will  be  primarily  located  on  the  east  coast  with  other  projects 
on  the  Pacific  and  Gulf  coasts. 

The  primary  advantage  of  liquefying  natural  gas  is  the  more  than  600  to 
one  volume  reduction  which  results.  LNG  was  first  used  by  gas  utility 
companies  for  peak  shaving  and  satellite  facilities  and  for  remote  and 
emergency  deliveries.  With  the  development  of  technology  for  marine 
transportation  of  LNG,  large  new  sources  of  natural  gas  have  become 
available  to  the  United  States.  Several  processes  exist  for  liquefying 
natural  gas.  Two  primary  methods  are:  (1)  the  transfer  of  heat  through 

separate  refrigerants  to  air  or  water,  and  (2)  permit  the  gas  to  do  work 
through  the  use  of  an  expander. 

Insulated  storage  is  required  for  the  LNG  both  after  it  has  been  pro- 
duced and  before  it  is  regasified.  The  most  frequently  used  storage 
tanks  for  baseload  operations  have  been  aboveground,  double-wall  metal 
tanks.  The  space  between  the  walls  is  filled  with  insulation,  a partial 
vacuum,  or  both.  Prestressed  concrete  tanks  have  been  used  for  other 
cryogenic  fluid  storage  and  may  be  applied  to  LNG. 
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LNG  is  regasified  by  circulation  through  tubes.  The  heat  for  the  process 
is  obtained  from  the  surrounding  air  or  water  or  is  produced  by  the  com- 
bustion of  a fuel  such  as  some  of  the  natural  gas  itself.  After  LNG  has 
been  regasified,  it  can  be  introduced  into  conventional  natural  gas  pipe- 
line systems. 

LNG  imports  will  have  an  impact  on  United  States  balance  of  payments.  At 
this  point  in  the  development  of  the  program  it  is  difficult  to  determine 
what  this  impact  will  be.  Capital  from  the  United  States  will  undoubtedly 
be  involved  in  the  construction  of  liquefaction  plants.  The  Export-Import 
Bank,  for  example,  is  providing  some  of  the  funds  necessary  for  the  con- 
struction of  an  Algerian  plant.  It  has  not  been  established,  however, 
just  how  much  U.S.  capital  will  move  to  exporting  countries  or  how  much 
money  will  return  through  the  purchase  of  U.S.  equipment.  The  use  of 
foreign  or  domestic  tankers  will  also  be  a factor  in  the  balance  of  pay- 
ments. The  cost  of  the  gas  itself  will,  however,  probably  have  the  great- 
est influence  on  balance  of  payments.  One  estimate  of  the  f.o.b.  price 
of  gas  is  38<?  to  53q/Mcf . 1/  Importing  1 TCF  could,  therefore,  result  in 
an  outflow  of  $380  to  $530  million.  It  should  be  noted  that  the  various 
potential  source  countries  represent  a wide  range  of  propensities  to 
import  from  the  U.S.  (see  table  IV-19  in  previous  section) 

The  price  to  the  consumer  of  imported  LNG  is  also  difficult  to  project. 

The  FPC,  in  approving  the  El  Paso  Natural  Gas  Co.  application  to  import 
LNG,  limited  initial  prices  to  77C  per  million  Btu's  delivered  to  Cove 
Point,  Maryland,  and  83q  at  Savannah,  Georgia.  The  company  has  indicated 
that  the  allowed  prices  may  be  insufficient.  The  current  prices  for 
natural  gas  in  the  United  States,  under  the  area  rate  method,  range  from 
22.5  to  34.0q/Mcf.  Under  the  FPC's  new  optional  pricing  system,  the 
price  of  new  gas  is  higher.  The  first  applications  under  this  policy 
have  proposed  to  sell  gas  for  45q/Mcf. 

The  environmental  impacts  in  the  United  States  of  LNG  imports  would  be 
those  of  (1)  tankers,  (2)  terminal,  transfer,  and  regasification  facil- 
ities, and  (3)  transportation  and  combusion  of  the  gas. 

Tankers . Any  seagoing  vessel  may  be  involved  in  collison  or  other  mis- 
hap. However,  escape  of  LNG  to  the  environment  would  not  necessarily 
result  in  significant  impact.  Since  LNG  remains  liquid  only  at  -259° F 
at  atmospheric  pressure,  any  spilled  LNG  would  immediately  begin  to  vapor- 
ize and,  although  it  would  pollute  the  air,  would  have  little  impact  on 
land  or  water  resources.  Studies  on  the  possibilities  of  explosions 
resulting  from  LNG  spills  are  inconclusive.  Tests  indicate  that  under 
certain  conditions  small-scale  explosions  result  when  the  LNG  is  poured 
onto  water.  These  results  cannot  be  extrapolated  to  predict  the  result 
of  a large-scale  spill  on  open  water  (USDI,  Bureau  of  Mines,  1970). 


1 / Amanullah  R.  'Khan  and  William  W.  Bodle,  "Supplementing  United  States 
Gas  Supplies  With  Imported  LNG,"  Journal  of  Petroleum  Technology, 

May  1972. 


IV-153 


Another  study  concluded  that  there  was  little  danger  of  normal  LNG 
exploding  when  spilled  on  water  and  that  a vapor  explosion  could  result 
only  after  the  methane  content  of  the  LNG  had  reached  40  percent.  Since 

the  normal  methane  content  of  LNG  is  80  to  90  percent  or  more  and  the 

boil-off  rate  is  0.2  percent  per  day,  a reduction  to  40  percent  is  not 
likely  with  present  day  shipping  practices  (Engen,  1972) . Worldwide 
experience  to  date  in  the  handling  and  shipping  of  LNG  has  resulted  in 
no  serious  explosion  or  fire.  Since  commercial  delivery  of  LNG  by  tanker 
began  in  1961,  there  have  not  been  any  accidents  at  sea.  However, 
although  LNG  spills  have  been  reported,  they  have  not  been  serious. 

Transfer  and  Storage.  Each  regasification  plant  will  require  facilities 

to  permit  the  transfer  of  LNG  from  tankers  to  storage  areas.  At  Cove 

Point,  Maryland,  this  will  be  accomplished  by  the  construction  of  a mile- 
long  pipeline  into  the  Chesapeake  Bay.  At  the  proposed  Savannah  plant 
a channel  and  a turning  basin  would  be  dredged  in  the  Savannah  River  to 
allow  the  tankers  to  come  close  to  the  plant.  Both  of  these  methods  will 
require  initial  dredging,  and  possibly  continued  dredging,  causing 
increased  turbidity  of  the  water  and  disruption  of  marine  animals,  especi- 
ally in  the  case  of  bottom  dwelling  organisms.  In  most  cases  this  dis- 
ruption would  be  temporary,  but  care  would  have  to  be  taken  to  avoid  as 
much  as  possible  commercial  fishing  areas.  The  potential  for  fire  or 
explosion  is  always  present  during  the  transportation,  transfer,  or  stor- 
age of  LNG.  Since  spilled  LNG  would  not  vaporize  instantaneously,  the 
release  of  the  equivalent  of  several  million  cubic  feet  of  gas,  for 
example,  might  cause  a fire  which  could  continue  until  all  the  LNG  had 
vaporized.  An  early  LNG  plant  was  destroyed  by  a disastrous  fire  in 
1944  due  to  the  failure  of  a storage  tank,  with  a loss  of  more  than  100 
lives.  Since  then,  many  improvements  have  been  made  in  the  technology 
of  storage  and  handling  of  the  LNG,  and  increased  attention  has  been 
given  to  proper  safety  precautions.  The  recent  explosion  of  a Staten 
Island  storage  tank,  killing  more  than  40  men,  shows  that  there  is  still, 
however,  an  element  of  danger  involved  in  the  storing  and  handling  of 
LNG. 

Regasification.  The  construction  of  regasification  plants  will  have  an 
impact  on  land  resources.  The  extent  and  duration  of  the  impact  will 
depend  on  the  size  and  location  of  the  plant.  For  example,  the  plant 
proposed  for  Cove  Point  would  produce  initially  650  million  cubic  feet 
per  day  and  require  a 1,022-acre  tract  of  land;  another  plant  proposed 
for  Savannah,  Georgia,  would  produce  initially  335  million  cubic  feet 
per  day  and  require  860  acres,  or  1.5  to  2.5  acres  per  million  cubic 
feet  capacity.  During  construction  there  will  be  some  disruption  of  the 
land  surrounding  the  plant  and  some  damage  to  animal  habitats.  This  dam- 
age will  be  permanent  only  in  the  area  occupied  by  the  plant  and  support- 
ing facilities. 

Since  natural  gas  or  water  will  be  used  to  regasify  the  LNG,  very  few 
pollutants  will  be  released  to  air  or  water.  Plants  using  water  to 
regasify  LNG  will  release  the  water  at  a lowered  temperature.  In  the 
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case  of  the  Savannah  plant,  water  temperature  will  be  lowered  5° F before 
being  returned  to  the  river. 

A regasification  plant  could  have  an  impact  on  the  scenic  and  recreational 
resources  of  an  area.  The  choice  of  the  plant  site  is  an  important  factor 
in  minimizing  the  impact  on  scenic  qualities  and  recreational  activities. 
The  increase  in  ship  traffic  could  have  an  effect  on  water-oriented 
recreational  activities. 

Impact  of  Combustion  and  Transportation.  Since  natural  gas  is  a rela- 
tively clean  burning  fossil  fuel,  the  impact  on  air  quality  would  not, 
therefore  be  significant.  LNG  imports  will  require  the  construction  of 
new  pipelines 

(4)  Synthetic  Gas  from  Coal  and  Oil 

The  production  of  synthetic  gas  from  coal  was  discussed  under  the  coal 
alternative.  Coal  gasification  technology  has  not  yet  been  fully  devel- 
oped and  most  processes  have  not  advanced  beyond  the  pilot  plant  stage. 

The  CC>2  acceptor  process  and  HYGAS  process  are  currently  at  pilot  plant 
stage  with  partial  operational  tests  on  certain  units.  The  Bigas  process 
is  at  pilot  plant  construction  stage.  The  above  three,  along  with  the 
Lurgi  process,  are  the  most  advanced  in  development  among  all  coal  gasifi- 
cation methods.  Table  IV- 23  shows  the  status  of  various  projects. 

The  Lurgi  process,  without  the  methanation  step,  is  employed  in  several 
plants  in  West  Germany  and  other  parts  of  West  Europe  to  produce  low-Btu 
value  gas  (400-450  Btu/cf) . Catalytic  methanation,  required  to  achieve 
pipeline  quality  of  1,000  Btu/cf,  has  not  yet  been  commercially  demon- 
strated. The  first  commercial  scale  test  of  production  of  pipeline  coal 
gas  will  be  undertaken  by  Conoco  Methanation  Company,  which  will  add 
methanation  facilities  to  the  Scottish  Gas  Board's  Westfield  coal  gasi- 
fication plant.  This  plant  uses  the  Lurgi  process.  The  first  commercial 
plant  to  produce  pipeline  coal  gas,  also  using  the  Lurgi  process,  will 
be  built  by  El  Paso  Natural  Gas  Company  near  Four  Corners,  New  Mexico. 

The  250  million  cubic  feet  per  day  plant,  costing  about  $250  million,  is 
expected  to  be  in  operation  by  1976. 

In  August  1971,  the  Department  of  the  Interior  and  the  American  Gas 
Association  signed  an  agreement  for  an  accelerated  program  for  coal 
gasification  which  will  cost  about  $120  million  over  4 years.  Three 
pilot  plants  will  be  in  operation  under  the  program.  In  each  of  the 
plants  a unique  gasification  method  will  be  tried  in  conjunction  with 
different  systems  of  gas  cleanup  and  methanation  so  that  a final  process, 
combining  the  best  features  of  the  individual  processes,  can  be  chosen. 

Part  of  the  funds  will  go  to  the  Applied  Technology  Corp.  for  development 
of  the  ATGAS  process  which  uses  a unique  molten-iron  gasification  tech- 
nique to  gasify  all  types  of  coal  (regardless  of  sulfur  content)  with 
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Table  IV- 23 


Tabulation  of  Coal  Gasification  Projects* 


Company 

Bit* 

Process 

Status 

IGT 

Chicago 

HYGAS 

Pilot  plant  partially  op- 
erating: pr<  l.n.n.ary  dim- 
on«'.  ration  plant  design 
completed.  • 

Consolidation  Cool  Co. 

Rapid  City.  S.D. 

CO;  Acceptor 

Pilot  plant  started  up 

Bituminous  Coal  Research. 
Inc. 

Homer  City.  Pa. 

BI-GAS 

Fhlot  plant  construction 
underway. 

U.  S.  Bureau  of  Mines 

— 

Synlhane 

Pilot  plant  being  de- 
signed. 

FMC  Corp. 

COGAS 

Partners  being  sought  to 
design  and  build  a $250- 
$300  million  eommercial 
plant  producing  250  mil- 
lion CF/day  gas  and 
24.000  bbl  day  syncrude. 

El  Paso  Natural  Gas  Co. 

Four  Corners. 
N.  M. 

Lurgi 

Design  contract  awarded 
to  Stcams-Roper  Corp.: 
plant  scheduled  for  com- 
pletion in  1976. 

Texas  Eastern  Transmission 
Corp..  Pacific  Liphtiny  Corp., 
and  Utah  International  Inc. 

Four  Corners. 
N.  M. 

Lurgi 

Feasibility  study  awarded 
to  Fluor  Corp  : plant  op- 
eration planned  ior  early 
1976. 

Texas  Eastern  and  Eastern 
Gas  A:  Fuel  Associates 

Four  Corners. 
»N.  M. 

Lurgi 

Coal  mining  and  prospect- 
ing rights  bought. 

Panhandle  Eastern  Pipe  Line 
Co.  and  Peabody  Coal  Co. 

Illinois 

Lurgi 

Feasibility  study  awarded 
to  M.  W.  Kellogg  Co.  and 
American  Lurgi  Corp. 

Conoco  Mcthanation  Co.  and 

Westfield. 

Lurgi  Gas 

Conoco  will  design  and 

Scottish  Gas  Board 

Scotland 

Mcthanation 

build  facilities  for  1 yr 
of  testing,  beginning  in 
mid-1973  of  the  methana- 
tion  system.  Sponsors  be- 
ing sought. 

South  African  Coal.  Oil  and 

Sasolburg. 

Lurgi  Gas 

Experimental  program  to 

Gas  Corp.  and  Lurgi 
Gescllschaft 

South  Africa 

Mcthanation 

demonstrate  commercial 
feasibility  of  mcthanation. 

M.  W.  Kellogg  Co. 

— 

Kellogg  Molten 
Salt 

Support  sought  for  con- 
struction of  large-scale 
pilot  plant. 

Garrett  Research  and  Devel- 
opment Co.  (sponsored  by 
Colorado  Interstate  Gas) 

Process  to  produce  gas  by 
rapid  devolatilization  of 
coal  tested  in  bench-scale 
pilot  plant. 

Gulf  General  Atomic  Co.  and 
Stone  Ac  Webster.  Inc. 

— 

— 

Feasibility  studies  under- 
way. 

Commonwealth  Edison  Co. 

Lurgi 

Production  of  low-Btu  gas 
studied  for  use  in  power 
plant  boilers:  $23.5  mil- 
lion demonstration  plant 
proposed. 

Coteau  Properties  and 
Mich.gan-Wisconsin 
Pipe  Line  Co. 

~ 

" 

I5-yr  option  on  lignite 
reserves  taken. 

Colorado  Interstate  Gas  Co. 
and  Westmoreland 
Resources 

" 

10-yr  option  on  coal  re- 
serves taken:  feasibility 

of  plant  to  be  studied. 

Columbia  Gas  System.  Inc. 

Core  drilling  on  West  Vir- 
ginia coal  reserves  proved 
293  million  tons  recov- 
erable. 

A.  D.  Singh  Co. 

Terre  Haute. 
Ind. 

Fluidlzed-Bed 

Carbonization 

Site  being  cleared  for 
construction  of  US  mil- 
lion CF/day  plant. 

The  Koppers  Co. 

Pittsburgh,  Pa. 

Koppers- 

Totzek 

Koppers  licensed  to  mar- 
ket process  originally  de- 
signed to  produce  a gas 
lor  ammonia  production. 

• Compiled  by  Institute  of  Gas  Tech.. c logy. 

Source:  Robert  Sisselman,  "Coal  Gasification  a Partial  Solution  to 

the  Energy  Crisis,"  Mining  Engineering,  vol.  24,  no.  10 
(Oct.  1972),  p.  74. 
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steam  and  oxygen  at  low  pressure.  The  process  produces  a gas  suitable 
for  conversion  to  SNG.  Extreme  flexibility  with  regard  to  physical 
properties  and  sulfur  content  of  coal  enable  economical  use  of  coals  for 
which  there  are  few  other  markets.  Construction  and  operation  of  a 
pilot  plant  is  planned.  Also  under  the  program,  Columbus  Laboratories 
of  the  Battelle  Memorial  Institute  is  working  on  development  of  a coal- 
gasification  f luidized-bed  coal  burner  to  provide  the  heat  for  steam 
gasification  of  coal.  A pilot  plant  will  be  operated  to  obtain  perform- 
ance data  for  assessment  of  the  commercial  potential  of  the  process. 

An  important  part  of  the  program  is  the  development  of  the  BI-GAS  proc- 
ess to  produce  pipeline  quality  gas.  The  core  of  this  process  is  the 
two-stage  gasifier  which  uses  pulverized  coal  in  entrained  flow.  A pilot 
plant  in  Homer  City,  Pennsylvania,  is  presently  under  construction  and 
scheduled  for  start-up  in  1974.  Advantages  of  this  process  are  (1)  a 
high  yield  of  methane  obtained  directly  from  coal  with  minimal  subsequent 
processing  of  the  product  gas,  (2)  no  tars  and  oil  are  formed  in  the  gasi- 
fication process,  (3)  all  the  feed  fuel  is  consumed  in  the  process,  and 
(4)  the  two-stage  gasifier  is  relatively  simple  in  design  and  amenable 
to  scale-up  to  any  size. 

The  economics  of  coal  gasification  will  be  greatly  influenced  by  final- 
ized process  configurations.  Present  emphasis  is  on  processes  whose  major 
end  product  is  pipeline  quality  gas  with  minor  credits  for  by-products 
such  as  sulfur  and  phenol.  Further  advances  may  result  in  an  optimized 
process  which  produces  not  only  pipeline  gas  but  also  liquid  and  solid 
hydrocarbon  fuels  and  electric  power. 

Natural  gas  can  also  be  synthesized  from  petroleum.  Such  gas  has  been 
produced  commercially  in  Europe  and  some  40  plants  are  in  the  planning 
stage  for  the  United  States.  Feedstocks  used  are  naphtha,  other  lighter 
hydrocarbons,  or  methanol.  While  the  gasification  of  oil  does  not  add 
to  overall  energy  supplies,  it  does  provide  an  additional  flexibility  in 
energy  form.  Processes  under  consideration  include: 

1.  Thermal  cracking  in  steam 

2.  Thermal  cracking  in  a hydrogen-rich  atmosphere 

3.  Catalytic  cracking  in  steam 

4.  Partial  oxidation 

Currently  much  attention  is  being  given  to  catalytic  rich  processes 
developed  by  the  British  Gas  Council.  Called  the  CRG  (Catalytic  Rich 
Gas)  process,  it  can  gasify  a wide  variety  of  hydrocarbon  feedstocks, 
though  attention  now  is  concentrated  on  naphtha  feedstocks.  A CRG  plant 
involves  two  basic  operations: 

1.  Feed  preparation,  including  fractionation  and  desulphurization 

2.  The  CRG  process,  per  se,  including  gasification,  and  methana- 
tion  to  a gas  with  a heating  value  of  980  Btu  per  cubic  foot 
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Desulfurization  of  the  feedstock  is  accomplished  by  mixing  the  feed  with 
hydrogen-rich  gas,  vaporization,  and  treatment  with  nickel-molybdate  and 
zinc  oxide  catalyst.  If  sulfur  is  to  be  recovered,  the  sulfur-rich 
fraction  is  hydrodesulfur ized. 

Department  of  the  Interior  forecasts  for  production  of  synthetic  gas  are: 


Energy  Inputs 


Year 

Total  Gas  Produced 
bil.  cu.  ft.  tril.  Btu 

Coal 

mil.  tons 

Petroleum 
mil.  bbl. 

1980 

700 

700 

19' 

84 

1985 

2,000 

2,000 

86 

128 

2000 

5,500 

5,500 

308 

105 

Factors  that  will  influence  the  rate  of  growth  of  a coal  gasification 
industry  are  the  availability  of  coal  and  petroleum  feedstocks,  the 
development  of  needed  mining  capacity  (including  availability  of  manpower 
for  mining),  availability  of  capital,  and  availability  of  refining  capac- 
ity to  provide  light  hydrocarbon  for  feedstocks. 

The  National  Petroleum  Council  has  estimated  SNG  production  from  petro- 
leum feedstocks  at  0.6  trillion  cf  in  1975  and  1.3  tcf  in  1980  and 
remaining  at  that  level  to  1985.  These  figures  reflect  the  assumptions 
that  one  third  of  announced  plants  will  be  operating  by  1975  and  one  half 
of  plants  scheduled  to  be  in  production  in  1980  and  1985  will  be  com- 
pleted on  schedule.  These  assumptions  show  the  retarding  effects  of 
Government  regulations,  import  restrictions,  and  siting  and  administrative 
delays . 

(1)  Environmental  Impact 

Like  natural  gas,  synthetic  (also  called  substitute)  natural  gas  and  oil 
from  coal  are  clean-burning  fuels  because  the  sulfur  has  been  reduced 
to  very  low  values,  and  no  particulate  matter  is  emitted  at  the  point  of 
combustion.  Coal  gasification  and  liquefaction  share  the  same  environ- 
mental problems  as  use  of  coal  for  boiler  fuel.  These  begin  with  coal 
mining.  One  of  the  most  pressing  problems  is  air  pollution  from  sulfur 
content  of  coals.  These  problems  are  discussed  fully  in  the  section  on 
coal . 

Impact  on  Air  Quality.  Plant  operation,  consisting  of  handling  and  trans- 
porting the  coal  to  the  process  and  converting  the  coal  to  gas  and/or  oil, 
will  involve  very  large  quantities  of  devolatilized  coal,  called  char, 
which  will  be  burned  in  boilers  to  generate  process  steam  and  power  or 
gasified  to  make  process  hydrogen.  Major  emissions  that  must  be  con- 
trolled are  sulfur  and  nitrogen  oxides  and  bottom  ash  and  fly-ash  from 
the  plants  generating  process  steam  and  power.  Fly-ash  emission  boiler 
stacks  can  be  controlled,  and  furnace-bottom  ash  and  slag  are  handled 
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routinely  without  environmental  problems.  However,  it  may  become  desirable 
to  locate  large  coal  conversion  plants  near  large  strip  mines  where  ash 
and  slag  from  the  process  would  be  returned  to  the  open  cuts  and  the 
ground  restored  in  accordance  with  environmental  considerations.  The 
technology  for  controlling  sulfur  and  nitrogen  oxides  from  such  plants 
is  under  development. 

To  illustrate  the  order  of  magnitude  of  the  major  emissions  that  would 
have  to  be  handled  from  a commercial  coal-to-pipeline  gas  plant,  the  FPC's 
National  Gas  Survey  gave  the  following  estimates,  based  on  a plant  produc- 
ing 250  million  standard  cubic  feet  per  day  of  pipeline  gas  1/  from  coal 
with  3.7  percent  sulfur: 


Long  tons  per  day 


Sulfur  (mainly  as  hydrogen  sulphide)  300-450 
Ammonia  100-150 
Phenols  10-  70 
Benzene  50-300 
Oil  and  tars  trace-400 
Ash  (based  on  coal  with  10%  ash)  1,500 


Source:  FPC,  National  Gas  Survey,  1973  (Supply-Technical  Advisory  Task 

Force,  Synthetic  Gas-Coal,  Final  Report,  Ch.  X,  Environmental 
Considerations,  p.  X-2) . 

The  environmental  impacts  of  SNG  plants  using  naphtha  feedstock  are 
expected  to  be  less  than  those  of  comparable  coal-based  synthesis  plants 
because  they  would  be  free  of  ash  and  char,  and  sulfur  oxides  and  par- 
ticulates discharge  problems. 

Impact  on  Water  Quality.  Plant  operation  involves  very  large  quantities 
of  water  for  cooling  and  scrubbing  gases.  The  discharge  of  contaminants 
such  as  phenols,  cresols,  benzene,  oil  and  tars  must  be  controlled,  Proc 
ess  waste  solids  such  as  spent  dolomite  may  present  problems  of  surface 
water  contamination. 

Impact  on  Land  Quality.  Waste  solids  such  as  char,  granulated  extract, 
and  powdered  sulfur  must  be  disposed  of  at  approved  land  fill  areas. 


1/  This  size  SNG  plant  produces  the  equivalent  of  40,000  bbls.  per  day 
of  crude  petroleum. 
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e . Nuclear  Energy 


Additional  nuclear  steam-electric  powerplants  could  be  substituted  for 
geothermal  electric  generation.  Three  types  of  nuclear  powerplants  are 
theoretically  possible:  burner  (light-water  or  gas-cooled),  breeder,  and 

fusion.  Only  the  first  has  reached  commercial  production. 

At  the  present  time,  neither  breeder  nor  fusion  reactors  are  practical 
alternatives  and  considerable  research  will  be  required  to  demonstrate 
their  technical  and  economic  feasibility.  Even  if  the  breeder  reactor  is 
developed,  it  is  expected  that  most  nuclear  capacity  through  the  ^ear  2000 
would  be  additional  nuclear  powerplants  using  burner  reactors  consuming 
naturally  occurring  isotopes  of  uranium. 

The  use  of  nuclear  power  as  a commercial  energy  source  is  expected  to  in- 
crease considerably  in  the  next  15  years.  Installed  U.S.  capacity  currently 
is  approximately  14,000  MW.  This  is  projected  to  increase  to  46,000-61,000 
MW  by  1975,  120,000-139,000  MW  by  1980,  and  198,000-286,000  MW  by  1985.  The 
variance  in  these  estimates  is,  in  part,  due  to  delays  in  the  licensing  of 
the  construction  and  operation  of  currently  planned  or  completed  units  be- 
cause of  concern  over  their  environmental  effects  (from  waste  heat  disposal, 
normal  or  accidental  radioactive  emissions,  etc.). 
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Nearly  all  of  the  currently  operating  and  planned  nuclear  plants  uti- 
lize light  water,  either  boiling  water  or  pressurized  water  reactors. 

In  the  boiling  water  reactors,  the  heat  energy  created  in  nuclear 
fission  is  removed  by  the  circulation  of  water  through  the  fuel  core 
which  generates  steam  to  turn  the  turbine  generators  that  produce 
electricity.  In  pressurized  water  reactors  (comprising  approximately 
two-thirds  of  existing  or  ordered  capacity),  the  steam  is  generated 
indirectly,  utilizing  a secondary  cooling  system.  Four  high-temperature, 
gas-cooled  reactors  are  also  completed  or  on  order  in  the  Uhited  States. 
These  utilize  helium  circulation  through  the  fuel  core  (primary  sys- 
tem) to  boil  water  (secondary  system),  creating  steam  to  turn  the  tur- 
bine generators.  On  the  basis  of  presently  proven  feasibility,  a single 
nuclear  powerplant  could  substitute  for  geothermal  generation  at  a 
level  of  1,000  to  2,000  MW  capacity.  For  the  higher  estimated  potential 
of  7,000-20,000  MW  (National  Petroleum  Council,  1972),  four  to  10  plants 
would  be  required. 

The  major  environmental  problems  which  could  occur  as  a result  of 
additional  nuclear  power  development  include  the  disposal  of  overburden, 
waste  rock,  and  tailings  from  the  mining  of  uranium  ore;  changes  in  land 
use;  disposal  of  the  waste  heat;  a risk  of  a disastrous  accident;  and 
ensuring  the  safe  transport  and  storage  of  highly  radioactive  waste  mate- 
rials . 


Since  specific  impacts  depend  upon  where  the  particular  activities 
constituting  the  nuclear  fuel  cycle  would  be  located,  a description  of 
specific  impacts  applicable  to  all  locations  is  not  possible.  Throughout 
this  statement,  the  impacts  described  are  considered  to  be  a quanti- 
tive addition  to  similar  impacts  of  existing  or  planned  nuclear  facili- 
ties . 

(1)  Fuel  Cycle 

The  predominant  nuclear  fuel  cycle  in  the  U.S.  is  the  uranium  dioxide 
fueled,  light-water  moderated  and  cooled  nuclear  power  plant.  This  cycle 
accounts  for  about  99  percent  of  the  electric  power  generated  by  nuclear 
fuels  in  the  U.S.  today,  and  is  expected  to  predominate  through  most  of  this 
decade.  In  the  light-water  reactor,  the  heat  energy  created  in  nuclear  fis- 
sion is  removed  by  the  circulation  of  water  through  the  fuel  core.  The  heated 
water  produces  steam  in  a separate  heat  exchanger  and  the  steam  turns  tur- 
bine generators.  The  water  thus  functions  both  as  a coolant  to  transport 
the  heat  released  in  fission  and  as  a moderator  to  slow  down  the  fast  neutrons 
produced  in  fission.  Fuel  is  in  the  form  of  slightly  enriched  uranium  dioxide 
pellets  in  tubing  of  a zirconium  alloy.  The  fuel  rods  are  assembled  into  a 
bundle.  In  selected  bundles,  control  rods  replace  some  of  the  fuel  tubes. 
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The  specific  components  of  the  light— water  supporting  fuel  cycle  include 
the  following: 

1.  Mining  uranium  ore. 

2.  Milling  and  refining  the  ore  to  produce  uranium  concentrates. 

3.  Production  of  uranium  hexafluoride  from  uranium  concentrates  to 
provide  feed  for  isotopic  enrichment. 

4.  Isotopic  enrichment  of  uranium  hexafluoride  to  attain  reactor 
enrichment  requirements  using  the  gaseous  diffusion  process. 

5.  Fabrication  of  nuclear  reactor  fuel  including  converting  uranium 
hexafluoride  to  uranium  dioxide,  pelletizing,  encapsulating  in 
rods  and  assembling  fuel  elements. 

6.  Reprocessing  irradiated  fuel  and  converting  uranium  to  uranium 
hexafluoride  for  recycle  through  the  gaseous  diffusion  plant  for 
reenrichment. 

7.  Radioactive  waste  management  of  high  level  and  other  wastes,  inclu- 
ding long-term  storage  of  wastes. 

8.  Transportation  of  materials  to  and  from  each  of  the  above  operations. 
(2)  Resource  Base 

AEC  develops  estimates  of  two  types  of  uranium  resources.  "Reserves”  refers 
to  known  deposits  that  can  be  economically  produced  at  a given  cost.  "Poten- 
tial resources"  refers  to  additional  uranium  that  may  exist  in  unexplored 
extensions  of  known  deposits  or  in  undiscovered  deposits  within  or  near 
known  uranium  areas.  These  estimates  do  not  represent  the  total  uranium  re- 
sources of  the  U.S.  However,  discovery  of  new  deposits  outside  known 
mining  areas  will  become  increasingly  difficult  and  expensive. 

Each  resource  category  is  also  qualified  by  cost.  Estimates  at  lower  costs 
are  more  precise  because  they  are  based  on  better  data  from  industry  explora- 
tion, which  has  focused  on  lower  cost  reserves. 

Of  reserves  of  U3O8  at  $8  a pound,  about  50  percent  is  found  in  New  Mexico, 

35  percent  in  Wyoming,  5 percent  in  Texas,  3 percent  in  Colorado  and  3 per- 
cent in  Utah.  The  remainder  is  scattered  throughout  the  western  United 
States.  As  of  the  beginning  of  1972,  AEC  estimates  that  $10  reserves  of 
U3O8  in  conventional  deposits  in  the  western  U.S.  (including  $8  per  pound 
U^Og  reserves)  were  333,000  tons.  Potential  resources  of  U30g  in  the 
western  U.S.  were  460,000  tons  at  $8  and  650,000  tons  at  $10.  In  1971, 
approximately  42  percent  of  U30g  production  came  from  New  Mexico,  28  percent 
from  Wyoming,  10  percent  from  Colorado  and  6 percent  from  Utah. 
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(3)  Economic  Considerations 


Adequacy  of  uranium  reserves  depends  on  the  resource  base  being  considered. 
An  extreme  gap  between  uranium  requirements  and  resources  is  shown  if  re- 
sources are  confined  to  the  $8  per  pound  U3O8  reserves.  This  gap  narrows 
progressively  with  the  inclusion  of  $8  per  pound  potential  resources,  $10 
per  pound  reserves,  $10  per  pound  potential  resources,  and  so  on. 


Figure  IV-2  below  shows  U.S.  uranium  resources  at  different  prices. 

Table  IV-24  shows  uranium  production,  reserves  and  potential.  1/  These 
figures  may  be  compared  to  AEC  estimated  requirements  from  1972  through 
2000  of  2,400,000  tons  of  0303,  or  more  than  10  times  total  past  production 
in  the  U.S.  to  date. 


FIGURE  IV-2 


U.S.  URANIUM  RESOURCES  AT  $10  10*200  PER  LB.  U3Og 
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1/  Remarks  by  Robert  D.  Nininger,  Asst,  Director  of  Raw  Materials,  Div.  of 
Production  and  materials  management,  AEC,  before  the  Atomic  Industrial 
Forum,  Uranium  Seminar,  Oak  Brook,  Illinois,  March  27,  1973, 
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TABLE  IV  -24 


PRODUCTION,  RESERVES  AND  POTENTIAL  COMPARED  TO  REQUIREMENTS 

Tons  U30g 


1948-1971 

Production 

Ambrosia  Lake,  New 
Mexico  (the  largest 
U.S.  uranium  district) 

64,000 

Other,  New  Mexico 

31,000 

Wyoming 

43,000 

Other,  U.S. 

97,000 

Total  U.S. A. 

235,000 

Cut-off 


Cost 

Reserves 

Potential 

Total 

$ 8 

58,000 

29,000 

151,000 

$15 

87,000 

59,000 

210,000 

$18 

79,000 

196,000 

306,000 

$15 

113,000 

393,000 

537,000 

$ 8 

95,000 

100,000 

238,000 

$15 

164,000 

275,000 

482,000 

$ 8 

41,000 

135,000 

273,000 

$15 

156,000 

273,000 

526,000 

$ 8 

273,000 

460,000 

968,000 

$15 

520,000 

1,000,000 

1,755,000 
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Although  uranium  at  costs  up  to  $15  per  pound  may  be  economically  competi- 
tive in  water  reactors  in  the  future,  the  effort  to  develop  the  capability 
to  produce  such  low-grade  ore  will  not  begin  until  there  are  indications 
of  a market  at  that  price.  The  uranium  content  of  $15  resources  ranges  from 
0.10-0,12%  U3O3  compared  to  0.20-0.22  for  $8  resources.  Therefore,  almost 
twice  as  much  ore  must  be  mined  and  processed  to  produce  an  equivalent  amount 
of  uranium.  Industry  capacity  would  have  to  be  doubled  to  maintain  existing 
U3O8  production  levels. 

(4)  Uranium  Mining  and  Milling 

The  construction  and  operation  of  additional  nuclear  generating  plants 
would  require  additional  mining  and  milling  of  uranium  ore  to  supply 
the  fuel  for  these  new  plants.  An  incremental  operating  capacity  of 
2,000  MW  would  require  1,070  tons  of  U3O8  for  the  first  core  fuels  and 
350  tons  of  U3O8  for  annual  reloads  without  plutonium  recycling  and 
240  tons  of  U30g  with  plutonium  recycling.  At  an  average  ore  grade  of 
0.20  percent  ^Og,  a total  ore  output  of  567,000  tons  would  be  re- 
quired to  supply  the  uranium  for  the  first  core  fuels,  and  an  annual 
output  of  120,000  to  176,000  tons  would  be  required  for  reloads.  If 
the  estimated  20,000  MW  geothermal  capacity  is  realized,  the  fuel  re- 
quirement would  be  proportionally  higher.  Since  the  average  ore  grade 
can  be  expected  to  decline  during  the  life  of  the  plants,  the  estimated 
annual  ore  tonnage  for  reloads  would  increase,  particularly  after  1990. 

As  the  estimated  geothermal  potential  of  7,000-20,000  MW  is  small  com- 
pared to  projected  nuclear  development,  whether  or  not  the  Federal 
geothermal  program  is  implemented,  would  have  little  effect  on  uranium 
production . 

Uranium  mining  and  milling  in  the  United  States  is  concentrated  in 
New  Mexico,  Wyoming,  the  Colorado  Plateau,  and  south  Texas.  As  most  of 
the  known  and  potential  reserves  are  concentrated  in  New  Mexico, 

Wyoming,  and  the  Colorado  Plateau,  the  incremental  increase  in  mining 
and  milling  activity  would  be  expected  to  occur  there.  In  1970,  53 
percent  of  production  came  from  underground  mines,  with  the  remainder 
coming  from  surface  mines.  However,  the  ratio  of  production  between 
underground  and  open-pit  mines  is  expected  to  change  considerably  over 
the  next  several  decades. 

In  underground  mining,  excessive  exposure  to  radon  daughter  products 
is  associated  with  a high  incidence  of  lung  cancer.  The  recommended 
annual  exposure  levels  have  been  greatly  reduced  in  the  past  decade. 

If  these  are  maintained  and  enforced,  the  incidence  of  lung  cancer 
among  underground  uranium  miners  is  expected  to  be  reduced  to  a level 
not  significantly  higher  than  that  of  the  population  as  a whole. 

Uranium  mining  is  largely  concentrated  in  relatively  isolated  areas 
distant  from  large  population  centers  and  urban  areas.  Nonetheless, 
it  does  have  an  adverse  aesthetic  impact  in  the  areas  in  which  it 
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occurs,  from  the  removal  of  the  vegetative  cover,  overburden  and 
the  creation  of  waste  rock.  It  also  may  require  considerable  acreage, 
reducing  (depending  upon  location)  the  suitability  of  that  area  for 
other  land  uses  such  as  grazing,  wildlife,  and  some  types  of  outdoor 
recreation.  Open-pit  mines  especially  require  large  acreages  and  ex- 
panded production  from  these  mines  would  necessitate  larger  areas  for 
placement  of  stripped  overburden  and  other  waste  rock.  This  is  a 
particularly  acute  problem  for  uranium  as  opposed  to  other  types  of 

open-pit  mining,  given  the  comparatively  high  amount  of  overburden  re- 
moved for  the  quantity  of  uranium  ore  produced.  For  underground  mining, 
the  extraction  of  deeper  ores  will  tend  to  require  continually  larger 
waste  rock  dump  areas.  Planning  for  sequential  land  uses,  followed  by 
the  reclamation  of  mined  land  and  the  backfilling  of  mined'  out  stope9 
with  waste  rock  could,  however,  substantially  reduce  these  land-use 
problems . 

Because  of  the  low  concentration  of  U3O8  in  uranium  ore,  milling  the 
ore  produces  a considerable  amount  of  tailings.  The  uranium  milling 
operation  required  for  2,000  MW  of  capacity  over  a 25-year  operating 
life  is  expected  to  generate  around  4 to  5 million  tons  of  tailings. 
These  tailings  contain  radioactive  daughters  (such  as  radium).  Left 
exposed  on  the  surface,  these  tailings  are  subject  to  erosion  and 
leaching,  with  the  radioactive  daughters  entering  surface  and  ground 
water  systems.  In  areas  downstream  from  milling  operations,  concen- 
trations of  these  elements  substantially  above  recommended  limits 
have  been  found  in  river  water,  river  sediments,  flora,  and  fauna. 

The  specific  adverse  effects  of  radioactivity  on  the  overall  health 
• of  biota  are  not  fully  known.  Current  evidence  does,  however,  indi- 
cate increasing  concentrations  upward  in  the  food  chain.  Adequate 
methods  exist  to  prevent  erosion  and  leaching  and  to  retain  harmful 
mill  effluents  at  present  levels  of  production.  However,  expanded 
production  may  require  the  design  of  improved  systems  to  handle  the 
growing  volumes  of  waste  if  the  adverse  effects  noted  above  are  to 
be  avoided. 

Because  of  their  radioactivity,  mill  tailings  pose  long-term  risks  to 
human  health  if  used  as  fill  material.  They  are  also  a hostile  environ- 
ment for  nearly  all  biota.  Above-ground  storage  designed  to  minimize 
erosion  requires  that  the  tailings  be  covered  with  gravel  or  dirt  upon 
which  a vegetative  cover  can  be  established.  Above-ground  storage 
does,  however,  require  considerable  land  area,  again  displacing  other 
potential  uses.  Accordingly,  in  the  future  an  increasing  amount  of 
tailings  may  be  utilized  to  backfill  mined  out  areas. 

(5)  Powerplant  Construction  and  Operation 

Assuming  present  technical  and  economic  constraints,  the  construction 
of  additional  nuclear  capacity  as  an  alternative  to  geothermal  capacity 
of  2,000  MW  would  require  a single  site.  Udder  current  siting  criteria, 
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this  would  be  located  at  some  distance  from  population  centers  and 
would  require  about  500  acres  of  land  from  which  some  other  human  uses 
would  be  excluded,  although  many  utilities  are  planning  for  multiple 
use  of  such  lands.  The  higher  estimated  level  of  7,000-20,000  MW 
would  require  proportionally  more  land. 

Since  both  nuclear  and  geothermal  plants  are  generally  located  at 
considerable  distances  from  population  centers,  land  required  for 
transmission  rights-of-way  would  be  comparable.  Depending  upon  the 
capacity  of  the  powerline,  an  estimated  10  to  15  acres  of  land  per 
mile  of  line  would  be  required.  This  land  would  be  excluded  from 
development  although  it  would  still  be  available  for  less  intensive 
uses.  These  transmission  lines  would  have  an  adverse  aesthetic  im- 
pact, disrupting  some  scenic  vistas. 

Construction  of  a nuclear  plant  (s)  would  present  some  short-run  environ- 
mental problems.  Uhless  special  measures  are  taken,  erosion  of  ex- 
cavated materials  with  subsequent  siltation  of  streams  can  be  expected. 

Operation  of  a nuclear  plant  will  generate  considerable  amounts  of 
waste  heat,  however,  these  plants  have  a comparatively  higher  thermal 
efficiency  (around  33  percent  compared  to  15  to  20  percent  for  geo- 
thermal steam  generating  plants).  Given  this  difference  in  efficiency, 
a geothermal  plant,  on  the  average,  will  require  considerably  more  cooling 
water  and  release  more  waste  heat  per  comparable  generating  capacity 
than  a light  water  reactor.  The  effects  of  this  waste  heat  will  de- 
pend upon  the  cooling  method  used  and  the  location  of  the  plant.  Total 
water  use  for  mining,  milling,  and  refining  uranium  ore  and  prepara- 
tion of  fuel  elements  plus  nuclear  powerplant  needs  is,  however,  greater 
than  that  required  for  comparable  geothermal  power  outputs. 

The  use  of  wet  cooling  towers,  which  are  generally  employed  at 
nuclear  plants,  to  remove  the  heat  by  evaporation  into  the  atmosphere 
would  not  pose  problems  of  thermal  pollution  of  water  bodies.  How- 
ever, water  vapor  from  the  cooling  operations  can  have  substantial 
effects  on  local  haze,  fog,  cloud,  and  ice  formation.  Chemicals  re- 
leased in  the  cooled  water  or  evaporation  plume  could  have  adverse 
effects  on  downstream  and  downwind  biota. 

The  use  of  cooling  ponds  would  produce  less  evaporation  than  wet 
cooling  towers,  but  haze,  fog,  cloud,  and  ice  formation  would  still 
occur  during  periods  of  low  temperatures.  The  ponds  would,  however, 
require  additional  land  acreage  (an  estimated  1,000-2,000  acres  per 
1,000  MW  unit).  These  ponds  may  have  recreational  uses  but  they  would 
also  displace  other  land  uses. 


IV- 167 


Nuclear  powerplants,  unlike  geothermal  plants,  do  not  emit  certain 
noxious  noncondensible  gases  which  generally  accompany  geothermal 
steam.  Hence,  nuclear  powerplants  do  not  create  the  air  pollution 
problems  stemming  from,  or  requiring  control  measures  for,  such  emis- 
sions. However,  nuclear  plants  do  produce  radioactive  emissions, 
the  release  of  which  must  be  strictly  limited  if  adverse  effects  to 
the  health  of  humans  and  other  biota  are  to  be  avoided. 

In  the  normal  operation  of  the  incremental  nuclear  generating  units, 
there  would  be  very  small  amounts  of  radionuclides  discharged  in  the 
cooling  water  and  in  gaseous  plant  effluents.  But,  assuming  that 
present  standards  will  be  maintained  and  enforced  (these  limit  the 
release  of  radioactivity  to  no  more  than  would  expose  an  individual 
at  the  plant  boundary  to  1 percent  of  the  individual  maximum  allowed)  , 
the  effects  of  the  amounts  released  are  likely  to  be  negligible,  as 
the  average  additional  annual  dose  which  the  affected  population  would 
receive  would  be  three  to  four  orders  of  magnitude  less  than  the 
average  level  of  natural  radiation  exposure. 


Hie  operation  of  nuclear  plants  poses  some  risk  of  accidents.  Nuclear 
plants  are  designed  to  minimize  accidents  or  their  adverse  effects  if 
one  does  occur,  utilizing  a "defense-in-depth"  principle.  This  in- 
cludes designing  and  constructing  plants  in  such  a way  that  the  number 
of  backup  safety  features  would  depend  on  the  risk  of  the  potential 
failure  and  siting  reactors  away  from  areas  of  high  population  density. 
Plants  are  designed  to  withstand  a design  basis  accident  (DBA),  defined 
as  the  worst  malfunction  considered  to  have  a probability  of  occurrence 
high  enough  to  warrant  corrective  action.  For  light  water  reactors, 
the  worst  DBA  considered  is  usually  a major  rupture  in  the  reactor 
cooling  system  or  primary  system.  The  maximum  radiation  dose  which 
could  be  received  at  the  site  boundary  if  such  an  accident  occurred 
is  estimated  for  some  plants  to  approach  the  annual  doses  obtained  from 
natural  radioactivity. 

Hie  ability  of  emergency  measures  to  operate  as  planned  if  a loss- 
of -cooling  accident  did  occur  is  disputed.  Some  responsible  critics 
have  suggested  the  need  to  consider  additional  safety  precautions. 

With  this  uncertainty,  the  operation  of  many  nuclear  plants  over  an 
extended  period  of  time  can  be  considered  to  pose  some  risk  of  severe 
effects  (ranging  up  to  large  numbers  of  injuries  and  deaths)  with  a 
very  small  probability  of  occurrence. 

(6)  Transportation 

Hie  nuclear  fuel  cycle  from  mining  and  milling  through  fuel  preparation, 
powerplant  use  and  reprocessing  to  the  final  storage  of  waste  materials 
requires  the  transportation  of  radioactive  materials  by  truck  or  rail 
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at  many  stages.  Hie  transportation  of  spent  fuel  elements  from  reactors 
to  reprocessing  plants  and  of  high-level  wastes  from  reprocessing  plants 
to  storage  sites  poses  a potential  environmental  hazard.  Existing 
transportation  regulations  and  cask  designs  have  been  developed  to 
insure  that  even  if  accidents  in  transporting  these  materials  do  occur, 
no  radioactivity  will  be  released  into  the  environment.  For  the  trans- 
port of  the  spent  fuels  and  high-level  wastes  associated  with  as  much 
as  a 20,000  MW  capacity,  a small  number  of  accidents  could  be  expected 
to  occur  during  a 25-year  operating  life.  Although  designed  to  prevent 
adverse  environmental  impacts,  the  release  of  radioactive  substances 
as  a result  of  transportation  accidents  remains  even  though  the 
probability  of  such  an  occurrence  is  small. 

(7)  Fuel  Processing  and  High-level  Waste  Storage 

Spent  fuel  assemblies  from  reactors  are  first  partially  cooled  and 
then  transported  to  fuel  reprocessing  plants  where  usable  nuclear  fuel 
materials  are  recovered  from  them.  If  2,000  MW  of  additional  capacity 
were  built,  fuel  reprocessing  possibly  could  be  accommodated  at  existing 
plants.  The  7,000-20,000  MW  additional  nuclear  capacity  that  could 
substitute  for  geothermal  development  probably  could  be  accommodated 
within  projected  plant  development  plans  by  the  time  such  service 
would  be  required. 

With  present  techniques,  radioactive  emissions  during  reprocessing  are 
approximately  100  times  greater  than  those  occurring  during  normal 
power  generation.  For  the  period  being  considered,  permissible  re- 
lease levels  may  be  reduced.  Even  if  they  are  not,  the  estimated  dose 
to  the  affected  population  is  still  two  orders  of  magnitude  below 
natural  levels.  Hence,  the  impact  of  these  emissions  is  not  expected 
to  be  significant  even  though  the  chronic  effects  of  such  low-level 
radioactivity  are  not  yet  wholly  known. 

Hie  high-level  radioactive  wastes  remaining  after  reprocessing  are 
first  concentrated  and  stored  in  solution  for  five  years,  then  evapo- 
rated to  solids,  sealed  in  containers,  and  put  into  long-term  storage. 
Hie  2,000  MW  of  capacity  would  produce  around  16,000  to  21,000  gallons 
of  high-level  waste  per  year,  demanding  a cumulative  storage  capacity 
of  80,000  to  100,000  gallons.  Hiis  liquid  waste,  when  evaporated, 
would  yield  around  160  to  220  cubic  feet/year  in  solid  waste  materials. 


Because  of  their  high  concentrations  of  radioactive  nuclides  with  very 
slow  rates  of  decay,  these  waste  materials  must  be  totally  isolated 
from  the  biosphere  for  hundreds  or  thousands  of  years  if  serious  ad- 
verse effects  to  all  living  organisms  are  to  be  avoided.  Storage  in 
salt  beds  is  believed  to  pose  fewer  problems  than  any  other  method  of 
storage.  However,  a wholly  suitable  site  in  salt  beds  for  the  perma- 
nent storage  of  solid  waste  materials  has  not  yet  been  found. 
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f . Hydroelectric  Power 


The  potential  development  of  conventional  hydroelectric  capacity  is 
limited.  Of  the  179,900  MW  capacity  estimated  as  potentially  develop- 
able in  the  United  States,  only  30,000  MW  is  likely  to  be  developed  by 
1990  under  existing  programs.  The  potential  sites  would  most  likely  be 
developed  to  provide  area  load  peaking  capacity  requirements  in  con- 
junction with  fossil  fuel  or  nuclear  base  load  plants. 

The  generating  potential  of  any  hydroelectric  site  is  a function  of  both 
stream  discharge,  flow  regulation  and  the  height  of  fall.  The  better  Jiydro- 
electrice  sites  are  concentrated  in  areas  with  heavy  precipitation  and 
large  topographic  relief.  The  following  table  shows  a FPC  estimate  of  the 
extent  of  U.S.'  potential  and  developed  water  power  capacity  as  of  1970.1/ 


Geographic 

Potential 

Percent 

Developed 

Percent 

Region 

Power 

of  Total 

Capacity 

Developed 

Undeveloped 

(103  mw) 

(lP  MW) 

(103  MW) 

New  England 

4.8 

2.7 

1.5 

31.3 

3.3 

Middle  Atlantic 

8.7 

4.8 

4.2 

48.3 

4.5 

East  North  Central 

2.5 

1.4 

0.9 

36.0 

1.6 

West  North  Central 

7.1 

3.9 

2.7 

38.0 

4.4 

South  Atlantic 

14.8 

8.2 

5.3 

35.8 

9.5 

East  South  Central 

9.0 

5.0 

5.2 

57.8 

3.8 

West  South  Central 

5.2 

2.9 

1.9 

36.5 

3.3 

Mountain 

32.9 

18.3 

6.2 

18.8 

26.7 

Pacific 

62.2 

34.6 

23.9 

38.4 

38.3 

Subtotal-48  states 

147.2 

81.8 

51.8 

28.5 

95.4 

Alaska 

32.6 

18.1 

0.1 

0.3 

32.5 

Hawaii 

0.1 

0.1 

— 

— 

0.1 

Total-50  states 

179.9 

100.0 

51.9 

28.8 

128.0 

Of  the  potential  hydroelectric 

capacity  of  179,900  MW  in  the  United 

States , 

28.8  percent,  or  51, 

900  MW,  was 

developed  or 

under  construction  leaving  ap- 

proximately  128,000 

MW  developable.  Of  this 

128,000  MW 

of  capacity 

, some 

32,600  MW  is  located 

in  Alaska. 

Sparsity  of  population 

and  remoteness  from 

population  centers  make  the  economic  feasibility  of  large  hydroelectric  pro- 
jects in  Alaska  subject  to  considerable  doubt.  Of  the  approximately  95,300  MW 
of  capacity  yet  to  be  developed  in  the  conterminous  states,  65,000  MW  are 


If  Statistics  as  of  January  1971  obtained  from  FPC. 
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concentrated  in  the  Mountain  and  Pacific  Regions.  About  30,300  MW  of 
capacity  potential  could  be  developed  in  the  remainder  of  the  United  States. 

The  38,300  MW  hydroelectric  capacity  estimated  as  being  developable  in  the 
Pacific  States  is  of  the  magnitude  that  could  be  considered  as  a short-term 
substitute  for  geothermal  power.  At  the  298  MW  level,  a single  medium-sized 
power  project  could  substitute  for  geothermal;  at  the  1,000-2,000  MW  level, 
a project  of  the  scale  of  the  existing  Grand  Coulee  plant  on  the  Columbia  River 
(2,276  MW)  would  be  required;  and  at  the  7,000-20,000  MW  level,  seyeral  large 
projects  would  be  required  as  a substitute.  Since  those  hydroelectric  power  pro 
jects  which  are  economically  feasible  will  be  built  to  meet  increasing  needs 
of  the  West  Region,  such  development  does  not  appear  to  represent  a viable 
long-term  alternative  to  geothermal  resource  development. 

It  should  be  noted  that  few  dams  are  built  solely  for  hydroelectric  power 
generation.  Irrigation,  navigation,  municipal  and  industrial  uses,  as  well 
as  flood  control,  are  important  and  frequently  are  the  dominant  objectives 
for  the  project. 

(1)  Hydroelectric  Systems 

Conventional  hydroelectric  developments  convert  the  energy  of  natural  or 
regulated  streamflows  falling  through  heads  created  by  dams  and  waterways 
to  produce  electric  power.  Plants  are  classified  as  run-of-river  or  storage 
projects,  depending  on  the  way  in  which  available  streamflow  is  utilized. 
Although  most  of  the  best  available  sites  for  economical  production  of 
hydroelectric  energy  have  been  developed,  some  additional  capacity  will  be 
provided  by  new  sites  or  expansion  of  existing  plants.  Use  of  hydroelectric 
power  to  service  peak  loads  enhances  project  benefits,  permitting  considera- 
tion of  possibilities  which  formerly  were  marginal  or  uneconomic  under  higher 
capacity  factor  standards.  Multipurpose  benefits  such  as  recreation,  water 
supply,  fish  and  wildlife  enhancement  and  flood  control  justify  projects 
that  would  otherwise  be  uneconomic  for  a single  purpose. 

Pumped  storage  projects  generate  electric  power  by  releasing  water  from  an 
upper  to  a lower  storage  pool  and  then  pumping  the  water  back  to  the  upper 
pool  for  repeated  use.  During  off-peak  hours  when  project  capacity  is  not 
required  by  the  system,  water  is  pumped  to  the  upper  pool  using  energy  gene- 
rated by  other  sources,  usually  steam-electric  units.  A pumped  storage 
project  consumes  more  energy  than  it  generates.  Its  economic  advantage  comes 
from  converting  low-cost,  low-value  off-peak  energy  to  high-value  peak  capa- 
city and  energy,  and  from  the  highly  flexible  peaking  power  it  makes  avail- 
able. Pumped  storage  projects  may  be  designed  exclusively  as  pumped  storage 
or  may  be  included  in  the  design  of  a.  conventional  hydroelectric  installation. 
The  availability  of  pumped  storage  sites  largely  depends  on  topography  which 
allows  development  of  a high  head  between  two  reservoirs  in  the  same  area. 

In  many  parts  of  the  country,  there  are  virtually  unlimited  physical  oppor- 
tuninies  for  developing  pumped  storage  projects.  However,  only  a limited 
number  of  sites  have  been  investigated. 
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The  investment  in  hydroelectric  projects  per  kilowatt  of  installed  capa- 
city varies  greatly  according  to  the  type  of  project,  size  and  location, 
the  cost  of  lands  required,  and  the  cost  of  relocation  of  highways,  buildings, 
railroads  and  other  improvements.  The  capital  costs  of  powerhouse  and  equip- 
ment per  unit  of  installed  capacity  decrease  with  an  increase  in  head.  The 
unit  cost  at  a particular  site  is  less  if  large  capacity  units  are  installed 
rather  than  more  units  of  smaller  size. 

Excluding  pumped  storage,  average  investment  costs  per  kilowatt  are  sub- 
stantially higher  for  hydroelectric  plants  than  for  thermal-electric  plants. 
Capital  costs  of  hydroelectric  plants  range  from  $200  to  $400  per  kilowatt 
of  installed  capacity.  Total  capital  costs  of  conventional  plants  built  in 
the  60' s ranged  from  about  $40  million  for  capacity  of  about  200  MW  to  $200 
million  for  capacity  of  about  700  MW.  On  the  other  hand,  hydroelectric  opera- 
ting expenses  are  much  lower,  largely  because  no  fuel  is  required  and  other 
operating  and  maintenance  costs  are  less. 

Pumped  storage  plants  have  low  capital  costs  ranging  from  $100  to  $150  per 
kilowatt  installed  and  low  maintenance  costs.  Total  capital  costs  are 
$30  million  or  more. 

(2)  Projected  Hydroelectric  Development 

The  Federal  Power  Commission's  1970  National  Power  Survey  projects  United 
States  electric  generation  capacity  to  increase  from  340,000  megawatts  in 
1970  to  1,260,000  megawatts  in  1990.  Conventional  hydroelectric  capacity 
for  the  comparable  period  is  shown  as  52,000  megawatts  and  82,000  mega- 
watts respectively.  Pumped  storage  was  projected  to  increase  from  nearly 
4,000  megawatts  in  1970  to  70,000  megawatts  by  1990.  Detail  by  FPC  regions 
and  years  is  shown  in  Table  IV- 25. 

The  predomination  of  pumped  storage  over  conventional  hydropower  in  new 
construction  can  be  seen  in  the  following  percentages  calculated  from  this 
table : 


Year 


Conventional  hydro  as  percent  Pumped  storage  as  percent 
of  total  electrical  generating  of  total  electrical  gene- 
capacity  • rating  capacity 


1970 

15.2 

1.1 

1980 

10.2 

4.1 

1990 

6.2 

5.6 

In  1972,  the  Department  of  the  Interior  made  the  following  projection  for 
hydropower  development  that  includes  both  hydro  and  pumped  storage  plants: 
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Table  IV- 2 5 

Conventional  Hydropower,  Pumped  storage,  and  Total  Electric 
Generating  Capacity  by  Region 


Total 

electric 

conventional 

pumped 

generating 

hydro 

storage 

Year 

capacity 

capacity 

capacity 

1970  Northeast 

64.9 

5.8 

1.8 

East  Central 

55.0 

1.0 

0.1 

Southeast 

65.7 

9-5 

0.1 

West  Central 

42.6 

3.5 

0.4 

South  Central 

48.9 

2.3 

0.1 

West 

64.9 

29.7 

1.1 

Total  contiguous  U.S. 

340.0 

51.6 

3.6 

1980  Northeast 

113 

7 

9 

East  Central 

103 

2 

4 

Southeast 

132 

11 

4 

West  Central 

82 

3 

2 

South  Central 

106 

3 

3 

West 

129 

42 

5 

Total  contiguous  U.S. 

665 

68 

27 

1990  Northeast 

201 

7 

19 

East  Central 

186 

3 

14 

Southeast 

255 

13 

13 

West  Central 

152 

3 

4 

South  Central 

211 

4 

8 

West 

255 

52 

12 

Total  contiguous  U.S. 

1,260 

82 

22 

All  units  are  thousands  of  megawatts. 


Source:  Data  taken  from  National  Power  Survey,  1970,  Federal 
Power  Commission,  Part  I,  Pgs . I 18-20-29. 
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Installed  Capacity  (MW) 


Net  Generation  (billion  KW  hrs) 


Year  Utility  Hydropower 


Total 

Electric 


Hydropower  as  a 
percent  of  total 
electric  utility 
capacity 


Total 

Electric 

Utility  Hydropower 


1971  367,395  55,898 
1975  480,000  80,000 
1980  660,000  95,000 
1985  915,000  120,000 
2000  1,880,000  200,000 


16.7 

14.4 

13.1 

10.6 


15.2  % 


1,614 

2,130 

3,000 

4,140 

9,010 


266 

350 

420 

470 

700 


Source:  United  States  Energy  Through  the  Year  2000.  U.S.  Department  of  the 

Interior,  December  1972,  p.  26 

1 / Excludes  industrial  generation  for  private  use. 

(3)  Environmental  Impacts 

Numerous  environmental  impact  statements  filed  by  the  Bureau  of  Reclamation  of 
the  Department  of  the  Interior  and  by  the  Corps  of  Engineers  describe  environ- 
mental impacts  of  specific  hydroelectric  projects.  Each  proposed  site  must  be 
individually  evaluated  as  potential  impacts  vary  widely. 

Construction  of  a hydroelectric  dam  represents  an  irretrievable  commitment  of 
the  land  resources  beneath  the  dam  and  lake  (agriculture,  minerals,  wildlife 
habitat,  free-flowing  river  recreation,  etc.).  Alteration  of  river  flows  may 
lead  to  silting  behind  the  dam,  thus  progressively  reducing  reservoir  capacity 
and  its  effective  use,  and  finally,  after  many  years,  filling  of  the  lake. 
Alteration  of  downstream  flows  from  powerplant  discharges  can  cause  scouring  of 
river  banks  and  bottoms. 

Construction  activity  increases  the  dust  in  the  air  and  creates  noise.  However, 
operation  of  the  hydroelectric  powerplant  produces  no  air  pollution,  radio- 
activity nor  waste  heat.  Construction  often  results  in  temporary  increases  in 
stream  turbidity.  The  newly-filled  reservoir  usually  has  a low  dissolved 
oxygen  content  and  a tendency  toward  nitrogen  super saturation.  Reservoirs  con-> 
centrate  salt  due  to  evappration.  They  may  decrease  downstream  turbidity  due  to 
settling  in  the  reservoir;  otherwise,  water  quality  impacts  are  nominal. 

Impacts  on  land  and  water  resources  tend  to  be  limited  to  the  vicinity  of  the 
power  generation  site.  Dams  valuable  for  hydroelectric  purposes  may  also  be 
useful  for  such  needs  as  irrigation  and  flood  control.  Lakes  behind  dams  created 
for  hydroelectric  purposes  provide  recreational  opportunities  such  as  swimming, 
fishing  and  boating. 

Fish  and  wildlife  habitat  may  be  adversely  or  beneficially  changed.  The  re- 
productive habitats  of  anadromous  fish  may  be  severely  altered  by  dam  construc- 
tion unless  elaborate  provision  is  made  for  fish  ladders  or  other  means  to 
provide  safe  fish  passage.  Significant  mortalities  of  resident  and  anadromous 
fish  in  rivers  servicing  hydroelectric  dams  can  be  caused  by  gas-bubble  disease 
resulting  from  exposure  to  nitrogen  supersaturated  water.  Nitrogen  supersatura- 
tlon  results  at  a dam  when  excess  river  flow  must  be  passed  over  the  spillway. 
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Survival  studies  conducted  in  1971  indicate  that  high  nitrogen  levels 
in  the  Columbia  and  Snake  Rivers  pose  a serious  threat  to  the  future 
of  the  salmon  and  steelhead  resources  of  the  region.  1/  Under  present 
plans  to  expand  the  Columbia  Basin  hydroelectric  system  through  1980, 
the  volume  of  spills  at  the  various  projects  will  be  reduced.  However, 
without  additional  control  measures,  the  reduction  in  volume  of  spills 
will  not  be  great  enough  to  reduce  nitrogen  supersaturation  to  levels 
considered  safe  for  fish  during  years  of  average  or  higher  flows. 

The  Corps  of  Engineers  is  actively  engaged  in  studying  and  testing  several 
approaches  to  the  solution  of  the  nitrogen  problem.  Efforts  have  been 
concentrated  on  manipulation  of  storage,  full  use  of  generating  units, 
slotted  intake  gates,  collection  and  transportation  of  downstream  migrants, 
and  spillway  modifications. 

Running  water  fishing  opportunities  would  be  eliminated  by  flooding  of 
the  river  bed.  However,  overall  fishing  opportunity  may  be  greatly  expanded 
as  a result  of  the  large  water  impoundment  area,  its  ability  to  maintain 
large  fish  populations  and  the  ease  of  public  access  and  use  of  such  reser- 
voirs. Wildlife  habitdt  is  reduced  to  the  extent  that  lands  are  flooded 
but  provision  can  be  made  for  replacement  habitat  improvement  if  the 
habitat  loss  should  be  significant. 


1 J Power  Planning  Committee,  Pacific  Northwest  River  Basins  Commission, 
Review  of  Power  Planning  in  the  Pacific  Northwest,  Calendar  Year  1971, 
pp.  71-76,  submitted  by  Idaho  State  Director,  Bureau  of  Land  Management. 
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g • Other  Energy  Sources 


There  are  other  potential  energy  sources  which  need  to  be  recognized  as 
possible  energy  alternatives  to  geothermal  power  development.  At  present 
these  alternatives  are  not  considered  viable  due  to  a lack  of  proven  tech- 
nology for  production  scale  application , .costs , timing  of  development, 
location  relative  to  energy  demand,  environmental  impacts,  etc.  These  in- 
clude hydrogen,  magnetohydrodynamics,  fuel  cells,  thermionic  generation, 
tidal  power,  wind  energy,  solar  energy,  and  biological  conversion  of 
wastes  to  oil. 

Potential  environmental  impacts  of  these  alternatives  are  difficult  to 
assess,  particularly  where  there  is  a great  amount  of  research  and 
development  that  must  be  done  before  operational  scale  systems  can  be 
developed,  tested,  evaluated  and  readied  for  production  application.  It 
is  not  believed  that  any  significant  energy  production  can  be  obtained  from 
these  systems.  Essentially,  these  are  all  in  the  research  and  development 
stage  and,  while  some  discussion  of  potential  environmental  impacts  is 
included,  it  is  not  possible  to  develop  a full  discussion  due  to  the  lack 
of  necessary  data.  The  following  sections  briefly  describe  the  current 
and  short-range  status  of  each  of  these  potential  alternatives. 

(1)  Hydrogen 

The  basic  technology  of  using  hydrogen  as  an  alternative  to  fossil  fuels 
exists  but  it  is  energy  intensive.  This  could  be  a major  obstacle  to 
economic  development  of  this  relatively  pollution  free  source  of  energy, 
as  it  would  require  commitment  of  energy  already  needed  for  other  purposes 
with  a significant  conversion  loss.  By  passing  an  electric  current 
through  water  in  a process  called  electrolysis,  water  can  be  separated 
into  its  components  oxygen  and  hydrogen.  The  hydrogen  can  be  transmitted  by 
pipeline  or  liquified  and  shipped  by  tank  car  for  use  as  a fuel  substitute 
for  other  liquid  or  gaseous  fuels. 

Prior  to  1958,  liquid  hydrogen  was  produced  only  in  small  quantities  and 
was  primarily  a laboratory  curiosity.  The  1972  U.S.  hydrogen  production 
was  more  that  12  billion  pounds  for  use  primarily  in  making  refined  petro- 
leum products  and  chemical  synthesis.  Only  a small  fraction  of  this  total 
production  comes  from  the  electrolysis  of  water,  the  great  preponderance 
being  produced  by  cheaper  methods  of  breaking  down  natural  gas,  oil  and  to 
a lesser  extent  coal  through  various  catalytic  systems  and  partial  combustion 
processes . 

Future  speculations  for  massive  hydrogen  producing  facilities  include  great 
floating  platforms  offshore  in  the  oceans.  These  platforms  would  house 
a series  of  nuclear  powerplants  which  would  generate  power  for  decompo- 
sition of  sea  water  by  electrolysis,  the  hydrogen  produced  could  be  piped 
ashore.  The  potential  advantages  of  such  a system  could  be  numerous. 
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Hydrogen  gas  could  be  piped  to  its  point  of  use  at  about  one-eighth  the 
cost  of  sending  an  equivalent  amount  of  electricity  through  high  voltage 
overhead  cables.  Underground  pipe  transmission  of  gaseous  hydrogen  would 
eliminate  unsightly  overhead  wires.  Unlike  electrical  capacity  which  is 
difficult  or  inefficient  to  store,  hydrogen  could  be  stored  as  a gas  in 
underground  cavities  or  as  a compressed  liquid  in  large  insulated  tanks  to 
meet  fluctuating  power  demands.  Already  under  development  are  fuel  cells 
which  convert  hydrogen  and  oxygen  directly  into  electricity.  Advanced 
electrolytic  cells  are  also  under  development  which  catalytically  de- 
composes water  into  oxygen  and  hydrogen  at  a 1/4-1/3  reduction  in  electrical 
power  requirement. 

The  major  advances  made  in  hydrogen  technology  in  the  last  decade  are 
largely  a spin-off  of  rocket  and  space  programs.  Liquid  hydrogen  engines 
have  powered  astronaut  crews  safely  to  the  moon  and  back.  In  the  future 
these  engines  are  scheduled  to  play  an  even  larger  role  in  the  space  shuttle. 

The- economics  and  timing  of  hydrogen's  first  use  as  a fuel  are  complex 
matters.  Presently  liquid  hydrogen  is  only  about  50  percent  more  expensive 
than  gasoline  on  a Btu  per  unit  weight  basis  since  liquid  hydrogen  is  so 
much  higher  in  energy  content.  Actual  cost  projections  for  the  electro- 
lytic production  of  hydrogen  range  from  a low  of  $0.04  per  pound  using 
electrical  energy  from  a large  breeder  type  reactor  to  about  $0.12  per  pound 
for  other  energy  sources.  Presently  gasoline  costs  of  production  are  about 
$0.02  per  pound.  Hydrogen  gas  is  so  light  it  cannot  match  natural  gas  in 
heat  value  on  a volumetric  unit  basis.  The  first  hydrogen  gas  should  enter 
the  economy  in  hybrid  gas  mixtures  that  stretch  natural  gas  supplies  or 
may  be  mixed  with  synthetic  gas  products  from  coal  perhaps  before  1980. 

It  is  possible  to  convert  present  gas  lines  to  handle  hydrogen  although  at 
considerable  changeover  costs.  Transmitting  costs  of  the  lighter  gas  would 
double  or  triple;  there  would* be  need  for  tighter  more  carefully  maintained 
piping  systems.  The  lighter  gas  could  move  more  rapidly. 

With  some  mechanical  modifications  all  types  of  internal  combustion  en- 
gines can  burn  hydrogen  cleanly.  In  the  summer  of  1972  at  the  Urban 
Vehicle  Design  Competition  of  63  experimental  cars,  the  2 least  polluting 
cars  were  those  converted  to  run  on  hydrogen,  one  of  which  was  the  only 
car  to  exceed  the  1975-76  Federal  emission  standards.  Buses,  trucks,  ships, 
locomotives  also  could  run  on  hydrogen  with  their  present  engines  although 
somewhat  less  efficiently.  It  also  could  be  burned  in  the  home  for  heating 
or  cooling.  In  any  combustion  of  hydrogen  as  a fuel,  the  only  major  waste 
product  is  water.  Additional  uses,  as  the  direct  reduction  of  iron  ore, 
dispense  with  coal  and  coke  use  as  is  already  being  done  at  several  small 
scale  plants.  Production  of  high  temperature  steam  for  conventional  steam 
power  plants  is  also  a future  possibility. 

Conversion  costs  would  be  extremely  high  particularly  to  the  consumer. 
Enormous  investments  of  capital  will  be  necessary  as  well  as  demonstration 
projects  to  work  out  technical  problems.  It  is  possible  that  the  use  of 
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hydrogen  as  a fuel  could  be  substantial  by  the  mid-80’s.  Large  amounts  of 
energy  needed  for  electrolysis  could  presently  be  provided  only  by  fossil 
fuel  which  would  not  relieve  energy  supply  or  environmental  problems. 

Projections  of  this  alternative  remain  highly  speculative  due  to  its 
largely  experimental  nature  and  its  early  stage  of  development. 

(2)  Magnetohydrodynamics 

Magnetohydrodynamics  (MHD)  power  generation  is  a technique  for  elec- 
trical generation  which  passes  a hot,  ionized  gas  or  liquid  metal 
through  a magnetic  field.  Such  a high-temperature,  one-stage  con- 
version device  has  the  potential  of  high  overall  efficiencies. 

• Although  the  concept  of  MHD  generation  has  been  known  for  over  100 
years,  it  is  only  during  the  past  decade  that  significant  technologi- 
cal advances  have  produced  systems  which  offer  promise  for  future  use 
in  the  electric  power  field. 

Three  basic  approaches  to  MHD  generation  are  being  explored:  open- 

cycle,  closed-cycle,  and  liquid  metal  systems. 

The  MHD  open-cycle  generator,  used  as  a "topping  unit"  in  conjunction 
with  steam-turbine  generators,  appears  to  hold  the  most  promise  for 
MHD  central-station  power  production  in  the  near  future.  Overall 
system  efficiency  is  expected  to  increase  to  a range  of  50  to  60  per- 
cent over  fossil  fuel  steam-electric  plants.  General  application  of 
coal-fired  MHD  topping  units  by  the  mid-1980's  could  effectively 
extend  fossil  fuel  reserves  and  enhance  the  potential  for  use  of  coal 
for  power  generation.  Since  the  MHD  generator  would  require  little 
cooling  water,  the  combined  MHD-steam  units  would  require  consider- 
ably less  cooling  water  per  megawatt  of  capacity  than  conventional 
fossil  fueled  or  nuclear  steam-electric  units. 

Before  MHD  can  be  utilized  for  central  power  station  generation  there 
are  many  significant  technological  problems  which  must  be  solved.  No 
economically  practical  system  has  yet  been  demonstrated  for  burning  coal 
or  coal-derived  fuels.  Designs  to  date  have  been  small  scale  with  short 
lifetimes  and  lower  efficiencies  than  would  be  required  for  utility 
operation.  There  are  problems  associated  with  developing  high-temperature 
electrodes,  superconductivity  magnets,  seed  recovery  systems,  and  pro- 
cedures for  coping  with  high  temperature  metal  erosion  and  corrosion,  etc. 
The  high  temperatures  and  gas  passage  time  are  conducive  to  fixation  of 
nitrogen  so  there  may  be  significant  NO*  air  quality  problems. 

Some  environmental  problems  would  be  reduced  due  to  decreased  fossil  fuel 
requirements  of  MHD  generators,  such  as  impacts  from  fossil  fuel  production. 
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thermal  water  discharges,  and  total  noxious  atmospheric  emis- 
sions. There  are  environmental  impacts  inherent  to  MHD  generation  and 
to  the  total  electrical  energy  demand  increases  which  will  create 
offsetting  environmental  problems.  High  temperature  operations  create 
specific  N0X  emission  problems.  Coal-powered  MHD  generators  and 
increased  power  demands  will  lead,  in  time,  to  increased  coal  produc- 
tion with  attendant  environmental  and  worker  health  and  safety 
problems.  Transmission  of  electrical  power  or  transportation  of  coal 
at  some  point  in  the  fuel-generator-consumer  chain  will  create  land 
use,  aesthetic,  and  associated  environmental  problems  as  discussed  in 
previous  sections. 

While  MHD  appears  to  offer  considerable  future  potential  for  coal- 
fired  power  generation,  the  technologic  and  economic  uncertainties  are 
still  so  great  that  it  cannot  now  be  considered  as  a viable  alterna- 
tive power  source  to  geothermal  development.  (For  additional  detail, 
see  Chapter  IX  of  the  Federal  Power  Commission's  National  Power  Survey  . 
Report,  December  1971). 

(3)  Fuel  Cells 

Fuel  cells  are  electrochemical  devices  in  which  the  chemical  energy  of 
fuel  is  converted  continuously  and  directly  to  low-voltage  direct  cur- 
rent electricity.  The  basic  process  is  similar  to  that  of  a battery 
except  that  the  fuel  cell  is  an  open  system  requiring  a continuous 
supply  of  reactants  for  the  production  of  electricity.  Uie  poten- 
tial advantages  of  a fuel  cell  over  more  conventional  energy  conversion 
systems  are  its  quietness,  low  temperature  of  operation,  minimiEation 
of  pollution,  reliability,  and  greater  efficiency  (up  to  70  percent). 
Nearly  one  and  one-half  times  more  electrical  energy  can  be  obtained 
from  a ton  of  coal  in  a fuel  cell  system  than  from  a comparable  amount 

burned  in  a modern,  conventional  power  system. 

Because  of  the  current  necessity  for  costly  metal  catalysts,  re- 
forming, and  fuel  purification  processes,  the  near  future  of  fuel 
cells,  even  for  small  power  units  in  a mass  market,  is  remote.  Gen- 
eral application  will  be  feasible  only  when  efficient  units  capable 
of  using  common  fuels  are  developed. 

(4)  Thermionic  Generation 

When  a metal  is  heated,  a point  is  reached  where  its  electrons  acquire 
enough  energy  to  overcome  retarding  forces  at  the  surface  of  the  metal 
and  escape  or  boil  off.  When  collected  on  another  cooler  metal  surface, 

electrical  energy  can  be  generated  by  joining  the  two  pieces  of  metal 
with  an  external  circuit.  Since  thermionic  generators  are  another 
type  of  heat  engine,  their  efficiency  theoretically  is  limited  to 
35-50  percent.  At  present,  efficiencies  ranging  from  5 to  25  percent 
have  been  reported  for  test  models.  Commercial  exploitation  of  the 
phenomenon  awaits  solution  of  difficult  materials  problems  related  to 
operations  above  3000°F.  and,  in  isotopic-fueled  devices,  radiation 
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damage.  The  Federal  Power  Commission  1972  National  Power  Survey  indi- 
cates it  is  the  consensus  that  future  efforts  in  thermionic  develop- 
ment during  the  next  decade  will  be  concentrated  in  space-oreinted  acti- 
vities. The  principal  effort  will  be  directed  to  the  development  of 
nuclear-fueled  systems  to  be  used  as  power  sources  for  interplanetary 
expeditions.  There  is  little  likelihood  of  thermionics  achieving  com- 
mercial realization  for  large-scale  generation  within  the  next  several 
decades . 

The  state  of  development  is  not  sufficiently  advanced  for  an  evaluation 
of  potential  environmental  impacts.  Since  it  is  a type  of  heat  engine,  th§ 
associated  loss  of  heat  is  a potential  source  of  thermal  pollution.  Heat 
sources  of  fossil  or  nuclear  fuels  also  would  have  their  relative  environ- 
mental impacts. 

(5)  Tidal  Energy 

Tidal  power  is  a hydroelectric  energy  source  similar  to  other  water  power 
sources  except  that  it  is  derived  from  the  alternate  filling  and  emptying 
of  a bay  or  estuary  that  can  be  enclosed  by  a dam.  The  total  tidal  power 
dissipated  by  the  earth  is  enormous,  largely  accounted  for  by  oceanic 
tidal  friction  in  bays  and  estuaries  around  the  world  although  theoretically 
it  could  be  captured  and  converted  to  electric  power.  Despite  this  total 
potential,  practical  considerations  have  eliminated  all  geographic  areas 
except  where  tidal  behavior,  range  and  water  displacement  are  extremely 
favorable. 

Two  plants  are  presently  operating,  the  larger  is  the  Ranee  Plant  on  the 
Ranee  River  estuary  Brittany,  France  which  was  completed  in  1967  at  a 
cost  of  $90  million,  a capacity  of  240  MW,  to  be  increased  to  320  MW.  The 
present  cost  is  about  $350/KW.  The  U.S.S.R.  completed  its  first  plant  on 
the  White  Sea  in  1969  which  has  a 1,000  KW. capacity.  Other  proposals  in- 
clude the  Bristol  Channel  U.K.,  San  Jose  Gulf.  Argentina  and  the  Western 
Australian  Coast.  The  Canadian  Government  studied  23  sites  on  the  Bay  of 
Fundy,  with  its  potential  included  below: 

(New  Energy  Task  Group,  1972) 

POTENTIAL  TIDAL  ENERGY 

Bil.  KWH/Yr 


Passamaquoddy  Bay,  U.S. /Canada  1.8 

Cook  Inlet,  U.S.  75 

Bay  of  Fundy,  Canada 

Three  sites,  single  effect  13.4 

Three  sites  double  effect  (incoming-outgoing  tides)  16 . 8 

Total  potential,  Bay  of  Fundy  175 


Even  with  the  potential  of  the  Bay  of  Fundy' s 35  foot  tides,  the  project 
was  abandoned  in  1969  by  the  Canadian  Government  as  uneconomical. 
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There  are  two  major  tidal  power  sites  in  the  United  States  which  have  a 
significant  potential  for  such  development  (Bernshlein,  1965).  The  Bay 
of  Fundy,  Maine,  with  nine  sites,  including  many  on  the  Canadian  side,  has 
an  average  potential  power  capacity  of  approximately  29,000  MW  and 
Turnagain  Bay  in  Cook  Inlet,  Alaska,  has  an  estimated  potential  power 
capacity  of  9,500  MW.  The  distance  from  population  centers  makes  the 
Turnagain  Bay  site  doubtful  from  an  economic  standpoint.  If  the  Bay  of 
Fundy  capacity  were  developed  with  half  of  the  production  going  to  Canada 
and  half  to  the  United  States,  the  total  addition  to  U.S.  capacity  would 
be  some  15,000  MW.  This  would  represent  approximately  1.1  percent  of 
generating  needs  by  1990.  Capital  costs  as  high  as  $1  billion  for  the 
1.8  Billion  kwh/yr  were  calculated  in  a detailed  1964  Senate  Subcommittee 
proposal  for  development. 

The  major  technological  problem  associated  with  the  development  of  tidal 
energy  would  be  the  need  to  develop  turbines  able  to  operate  economically 
under  low  hydrostatic  heads  (U.S.  Department  of  the  Interior,  1972).  The 
Bay  of  Fundy  potential  of  15,000  MW  is  comparable  to  the  7,000-20,000  MW 
estimated  geothermal  potential;  however,  it  could  not  be  considered  substi- 
tutable owing  to  the  distance  from  Fundy  to  the  West  Coast.  The  overall 
impact  of  tidal  power  on  the  U.S.  energy  supply  would  be  minimal  in  that 
it  does  not  represent  a significant  alternative  to  the  need  to  develop  other 
energy  sources. 

There  would  be  significant  environmental  considerations  associated  with 
the  damming  and  alternate  filling  and  emptying  of  bay  and  estuary  areas, 
such  as  impacts  on  sport  and  commercial  fisheries,  wildlife,  water  quality, 
recreation  uses,  other  land  uses,  shipping  and  aesthetic  values. 

(6)  Wind  Energy 

The  energy  in  wind  is  the  result  of  a mass  of  moving  air.  To  capture 
such  energy  requires  placing  in  the  path  of  the  wind  a machine  which 
transfers  the  wind  force  to  the  machine  (Golding,  1958).  There  is  a wide 
range  of  estimates  as  to  what  the  energy  potential  might  be;  one  figure 
is  20,000  MW  at  elevations  low  enough  for  extraction  by  aerogenerators 
(wind  turbines).  This  figure  reflects  an  ultimate  potential  but  it  has 
little  bearing  on  the  degree  to  which  this  resource  can  be  utilized.  Eco- 
nomical power  generation  requires  an  average  annual  wind  velocity  of  about 
30  m.p.h.  with  nearly  steady  magnitude  and  direction  and  topography  in 
which  boundary-layer  effects  are  minimal. 

Although  there  are  many  locations  that  appear  suitable  for  aerogenerators, 
their  use  would  be  contingent  largely  on  the  development  of  low-cost 
generators,  a site  amenable  to  low-cost  installation,  a favorable  overall 
wind  speed,  and  an  electric  grid  capable  of  profitably  using  an  inter- 
ruptible power  of  this  nature. 
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Potential  advantages  in  using  wind  energy  are:  (a)  the  supply  is  in- 

exhaustible; (b)  it  is  available  in  many  parts  of  the  world;  (c)  the 
energy  source  is  free  on  the  site  of  production.  Some  of  the  disadvantages 
are:  (a)  the  low  energy  density  of  the  wind;  (b)  the  wind  velocity  is 

unpredictable  in  time  and  magnitude;  (c)  the  low  conversion  efficiencies 
of  aeromotors;  (d)  the  effect  of  icing  conditions  and  weather  on  aero- 
motors.  - 

In  Denmark  between  1940-1945  when  fuel  oil  was  in  short  supply,  88  wind- 
driven  installations  generated  18,000  MWH  for  local  needs.  In  1970,  the 
International  Telegraph  Telephone  Consultive  Committee  listed  the  following 
existing  large-scale  wind-driven  generator  installations: 


Country 

Location 

Date 

Capacity 

KW 

U.S.S.R. 

Balaclava 

1931 

100 

U.S.A. 

Vermont 

1941 

1,250 

Denmark 

Gedser 

1959 

200 

United  Kingdom 

Orkney 

1952 

100 

United  Kingdom 

St.  Albans 

1954 

100 

By  combining  wind-driven  generators  with  diesel  standby  units  continuous , 
small-scale,  dependable  power  can  be  locally  generated.  This  method  has 
supplied  lighthouses  for  over  ten  years  at  several  locations,  but  at  a 
capacity  of  less  than  10  KW.  Presently  there  is  only  one  major  research 
project  to  harness  the  wind’s  energy  at  the  University  of  Hawaii  with  a 
budget  of  just  over  $100,000/Yr.  If,  for  example,  10  billion  KWH/Yr  could 
be  produced  from  a few  large  and  numerous  small  generators  then  it  would 
reduce  the  use  of  conventional  fuel  annually  by  4 million  tons  of  coal, 

300  MW  of  geothermal  generating  capacity,  or  another  equivalent  source  of 
energy.  However,  high  equipment,  energy  storage,  and  back  up  equipment 
costs  coupled  with  the  intermittent  characteristics  of  the  wind  preclude 
a favorable  cost  benefit  of  wind  energy  at  the  present  time.  Small-scale 
use  may  increase  in  remote  areas  where  transmission  costs  prevent  con- 
ventional power  systems,  but  this  impact  on  the  total  power  picture  is 
negligible. 

Wind  energy  does  not  appear  to  be  a viable  alternative  to  traditional 
large-scale  energy  sources  at  this  time  as  a considerable  amount  of 
additional  research  and  development  is  required.  However,  there  are 
those  who  feel  that  substantial  electrical  energy  production  is  pos- 
sible now  from  lower  velocity  winds  and  the  use  of  technology  developed 
in  past  research  projects  even  though  there  has  not  been  major  activity 
toward  commercial  development  of  wind  energy  for  several  years 
(Heronemux,  1972) . 
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Since  the  use  of  the  wind  for  power  generation  is  in  itself  a pollution 
free  source  of  electrical  energy  that  would  replace  the  need  for  fossil 
fuel  or  nuclear  generation,  there  would  be  an  environmental  benefit 
that  would  be  generally  in  direct  ratio  to  the  adverse  environmental 
impacts  of  the  alternative  electrical  energy  generation  source 
displaced. 

A primary  environmental  disadvantage  could  be  the  aesthetic  effect  of 
a large  number  of  towers  at  prominent  locations  with  heights  of  as  much 
as  1,000  feet,  topped  with  large  generators  turned  by  wind  turbines  with 
blades  of  50  to  200  feet  in  length  or  longer.  Previous  large-scale 
efforts  have  failed  due  to  structural  factors  so  towers  probably  would 
require  heavy  guying.  There  would  be  land  surface  impacts  resulting 
from  the  construction  and  operation  of  numerous  generator  sites  and 
access  thereto.  Since  each  tower  would  have  to  be  serviced  by  transmis- 
sion lines  and  related  structures  to  connect  the  wind  generation  grid 
into  power  grids,  there  could  be  considerable  environmental  disturbance 
associated  with  the  development  and  operation  of  such  lines. 

(7)  Solar  Energy 

Although  the  solar  energy  density  is  low,  the  United  States  land  area 
intercepts  each  year  about  600  times  its  total  1970  energy  requirements. 
Such  heat  could  be  used  for  electricity  generation,  space  heating, 
cooking,  and  processing  of  industrial  materials.  The  electromagnetic 
properties  of  solar  radiation  produce  photosynthetic  conversion  and 
storage  of  energy  in  plants  and  other  photochemical  reactions  which 
also  convert  and  store  energy. 

Four  characteristics  of  solar  energy  deserve  particular  notation: 

(a)  It  is  a diffuse,  low- intensity  source  of  energy 

(b)  The  energy  is  spread  over  various  frequencies  (i.e.,  distri- 
buted over  the  various  wave  lengths  of  light) 

(c)  Its  intensity  is  continuously  variable  during  the  daylight 
hours,  is  zero  at  night,  and  is  subject  to  weather  and 
seasonal  variations 

(d)  Its  availability  differs  widely  between  geographic  areas 

A consequence  of  the  diffuse  nature  of  solar  energy  is  that  it  does 
not  naturally  produce  the  high  temperatures  characteristic  of  combustion 
processes.  This  is  a definite  disadvantage  since  high  temperatures  make 
possible  greater  thermodynamic  efficiency  in  energy  conversion. 
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About  half  the  energy  In  the  solar  spectrum  lies  in  wavelengths  usable 
in  photosynthesis.  The  efficiency  of  this  half  can  be  in  the  neighborhood 
of  50  percent,  giving  an  overall  possible  photosynthetic  conversion  of  25 
percent.  In  experiments,  efficiencies  in  the  usable  spectrum  ranged  from 
chlorella  (a  green  algae)  at  20  percent  conversion  efficiencies  to  about 
2 percent  for  sugar  can.e  Experiments  in  Japan  to  use  chlorella  have  al- 
ways fallen  short  of  economical  use  as  food.  Consequently,  using  it  for 
fuel  with  a lower  unit  value  than  food  would  also  be  uneconomical.  Since 
chlorella  rates  high  in  efficient  conversion  of  solar  energy,  other  plants 
do  not  appear  to  hold  good  prospects  for  useful  conversion  of  solar  energy. 

The  number  and  range  of  potential  solar  applications  are  extensive  but 
the  present  state  of  the  art  is  such  that  energy  collection  efficien- 
cies are  low,  and  the  requirements  for  energy  storage  resulting  from 
the  intermittent  nature  of  the  source  result  in  costs  that  are  prohib- 
itive for  general  use.  A typical  2,000  MW  powerplant  operating  in  a 
1,400  Btu/day  solar  climate  would,  with  present  technology,  require  74 
square  miles  of  collector  surface  (assuming  a 30  percent  efficiency  in 
converting  solar  energy  to  process  heat  and  5 percent  when  converting  to 
electrical  energy).  The  many  square  miles  of  collector  surface  that  would 
be  required  for  even  a medium-sized  power  generation  facility  would 
have  significant  impact  on  the  land  area,  its  other  use  or  resource 
values,  and  on  the  general  environment.  There  would  be  a major  aes- 
thetic intrusion  in  desert  areas  which  are  now  generally  unmarred  by 
man's  activities. 

Such  large  collector  areas  and  low  efficiencies  make  it  unlikely  that 
solar  energy  will  have  any  significant  impa.ct  as  a large-scale  source  of 
power  within  the  next  30  or  more  years  as  the  economics  and  environmental 
considerations  are  very  unfavorable  compared  to  many  other  alternatives. 

Sven  a 300-percent  increase  in  the  solar  cell  efficiency  would  not  result  in 
power  costs  that  would  be  economically  acceptable  for  general  use.  A massive 
research  and  development  effort  over  an  extended  period  of  time  would 
be  required  to  lower  costs,  increase  conversion  efficiency,  and 
achieve  acceptable  system  performance. 

The  silicon  cell,  developed  about  15  years  ago,  has  proved  to  be  a 
reliable  means  for  this  direct  conversion  of  solar  radiation  to  electri- 
city for  applications  in  outer  space.  The  generation  of  significant 
amounts  of  power,  however,  requires  the  connection  of  extremely  large 
numbers  of  cells.  The  capital  cost  of  silicon  cell  arrays  results  in 
power  costs  on  the  order  of  $2.00  to  $5.00  per  KWH.  Thus,  the  cost  is 
about  1,000  times  that  of  conventional  power  sources. 

Examples  of  other  types  of  solar  generation  potential  include  floating 
powerplant s which  would  use  the  solar  produced  temperature  differentials 
which  exist  between  the  upper  and  lower  levels  of  Caribbean  waters  and  the 
Gulf  Stream.  A second  concept  deals  with  the  orbiting  of  space  vehicles 
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for  the  purpose  of  creating  central  power  generation.  Systems  such  as 
these  have  not  yet  been  developed  or  tested  so  they  do  not  represent 
feasible  energy  source  alternatives  that  can  be  considered  at  this  time. 

Some  application  for  solar  heat  exists  in  home  heating  using  relatively 
inexpensive  collectors  costing  $2.00  to  $4.00  per  square  foot  and  using 
auxilliary  heating  when  necessary.  Table  IV- 2 6 summarizes  a 1967  cost 
study  relative  to  such  application.  Such  localized  use,  although  in- 
triguing, is  not  likely  to  reach  general  acceptance  for  heating  homes  be- 
fore 1985  with  fossil  fuel  systems  so  inexpensive  and  convenient. 

As  a large  scale  source  of  power,  expensive  collector  areas  and  low  ef- 
ficiencies make  it  unlikely  that  solar  energy  will  have  any  significant 
impact  within  the  next  30  years  as  the  economics  are  unfavorable  compared 
to  many  alternatives. 

(8)  Biological  Energy 

Biological  energy  has  attractive  prospects  in  two  major  areas.  One  is  the 
production  of  alcohol  from  crops,  particularly  unused  crop  surpluses,  and 
the  other  involves  the  conversion  of  organic  wastes  into  usable  oil. 

The  efficiency  of  U.S.  agriculture  has  advanced  so  fast  that  for  several 
decades  crop  production  has  exceeded  demand  except  in  times  of  inter- 
national conflicts  and  in  early  1973  when  heavy  international  buying, 
coupled  with  unusually  bad  weather,  drained  surplus  stores.  Average  farm 
production  has  increased  about  80  percent  in  the  last  three  decades, 
largely  owing  to  better  yielding  seeds  and  greatly  improved  "know-how." 

Thus,  to  meet  our  crops  needs,  we  plant  fewer  acres  and  require  fewer 
farmers.  If 

Agriculture  provides  the  major  current  source  of  renewable  energy.  Forests, 

cultivated  crops  and  pasture  land  may  be  used  repeatedly  under  proper 
management.  Agricultural  production  is,  however,  subject  to  weather, 

diseases,  wind  and  other  natural  conditions  which  cannot  yet  be  completely 
controlled.  Nevertheless,  average  production  in  excess  of  priority  re- 
quirements for  domestic  food,  feed  and  fibers  is  believed  possible  by 
1985  and  beyond# barring  natural  disasters  or  national  emergencies.  The 
production  of  cereal  grains  and  their  conversion  through  fermentation  to 
usable  ethyl  alcohol  fuel;  the  collection  and  use  of  such  residues  as 
straws,  corncobs,  hulls  and  shells  for  fuels;  the  growing  of  crops  for 
fuel  energy;  and  the  conversion  of  animal  by-products  into  fuels  are  all 
possibilities. 

Agricultural  fuels  would  normally  be  more  expensive  than  such  traditional 
fuels  as  coal,  gas,  oil  and  waterpower.  Increasing  U.S.  needs  for  energy, 
requirements  for  pollution  abatement  and  many  other  economic  factors  could, 
however,  materially  change  the  future  role  of  agriculture  as  a source  of 
industrial  energy. 


If  New  Energy  Forms  Task  Group,  1971-1985,  Other  Energy  Resource  Sub- 
committee on  National  Petroleum  Council  Committee  on  U.S.  Energy 
Outlook,  1972. 
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Table  IV- 26 


Solar  Heating  Cost  Comparison 
(dollars  per  10^  Btu) 


Climate  classification 

Santa  Marla:  Mediter- 

ranean or  dry  summer, 
subtropical 

Albuquerque:  Tropical 

and  subtropical  steppe 

Phoenix:  Tropical  and 

subtropical  desert 

Omaha:  Humid  contin- 

ental, warm  Sumner 

Boston:  Humid  contin- 

ental, cool  summer 

Charleston:  Humid 

subtropical 

Seattle/Tacoma: 

Marine  west  coast 

Miami:  Tropical 

savannah 


Solar 

heat 

Electricity 

1.10-1.59 

4.36 

1.60-2.32 

4.62 

2.05-3.09 

4.25 

2.45-2.98 

3.24 

2.50-3.02 

5.25 

2.55-3.56 

4.22 

2.60-3.32 

2.31 

4.05-4.64 

4.90 

Fuel  cost 
only  75% 

Gas -Oil  4»combustion 
(average)  efficiency 

1.52 

1.48 

1.20 

1.18 

1.75 

1.26 

1.92 

2.27 


Source:  The  International  Telephone  and  Telegraph  Cotisultative  Committee, 

1970  Primary  Sources  of  Energy'. 
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Of  the  approximately  2,260  million  acres  of  U.S.  land  available,  about 
25  percent  is  classified  as  forest  and  woodland  and  about  the  same  propor- 
tion is  land  suitable  for  cultivation.  Most  of  our  woodland  will  pro- 
bably be  required  to  meet  the  predicted  demands  for  lumber,  pulp  and 
paper  industries,  and  thus  will  offer  only  minor  possibilities  for  con- 
tributing to  additional  U.S.  industrial  energy  supplies.  On  an  average, 
however,  only  about  60  percent  of  the  potentially  available  cultivated 
land  is  now  farmed  for  crops.  Yields  of  cereal  grains  on  these  lands  have, 
on  an  average,  increased  about  three  percent  annually  for  the  past  decade. 
This  increase  has  exceeded  the  U.S.  population  growth,  even  though  the 
amount  of  cultivated  land  has  decreased.  Thus,  unused  acres  constitute  a 
potential  source  of  energy  for  the  foreseeable  future. 

A logical  sequence  of  energy  conversions  is  to  use  this  land  to  produce 
cereal  grains,  which  are  largely  carbohydrate,  and  then  to  convert  these 
grains  by  fermentation  into  ethyl  alcohol,  which  is  a convenient  corn- 
bus, tible  fuel  readily  usable  in  motors.  If  we  assume  that  the  100  million 
acres,  or  about  one-half  of  the  acres  now  required,  are  used  to  pro- 
duce the  grain  for  alcohol  at  a yield  of  70  bushels  per  acre,  this  would 
be  equivalent  to  about  18  billion  gallons  of  alcohol,  or  over  20  percent 
by  volume  of  the  86  billion  gallons  of  motor  fuel  consumed  in  the  U.S.  in 
1970.  Since  ethyl  alcohol  contains  only  65  percent  of  the  energy  content 
of  gasoline,  on  a gallon  basis,  the  actual  energy  replacement  would  be 
only  14  percent. 

The  cost  of  this  ethyl  alcohol  from  fermentation  would  be  many  times  higher 
than  the  cost  of  present  motor  fuel.  Even  so,  this  tremendous  energy  po- 
tential must  be  considered  in  any  assessment  of  future  energy  sources. 

The  quantity  of  organic  waste*  generated  in  the  United  States  annually  is 
enormous  and  will  continue  to  increase.  The  Bureau  of  Mines  has  sum- 
marized various  amounts  of  wastes  produced  and  amounts  available  as  well 
as  potential  for  conversion  into  oil  and  gas : (Table  IV-"27  ) . 

According  to  the  study,  1971  collectable  agricultural  residues  in  the  U.S. 
amounted  to  over  125  million  tons  annually  with  an  oil  potential  of  170 
million  barrels,  roughly  equivalent  to  47  million  tons  of  low  sulfur  coal. 
To  produce  the  oil  from  waste,  the  organic  material  is  treated  with  carbon 
and  water  at  250°-400°  C and  2000-5000  psi  pressure.  This  oil  product  has 
a heating  value  of  15,500  Btu  per  pound  and  the  total  energy  potential 
would  be  on  the  order  of  2000  trillion  Btu.  High  collection  and  proces- 
sing costs,  incomplete  technology,  along  with  high  capital  requirements, 
prevent  this  energy  source  from  being  economically  competitive. 

Bureau  of  Mines  research  (Appell  and  other,  1971)  has  shown  that  it  is 
possible  to  convert  such  organic  wastes  to  oil  with  a potential  of  1.25 
barrels  of  oil  per  ton  of  waste.  If  all  this  waste  could  be  converted 
to  oil  it  would  represent  over  1.3  billion  barrels  of  oil  a year.  This 
compares  with  a 1970  petroleum  demand  of  5.4  billion  barrels.  However,  it 
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TABLE  IV- 2 7 


ESTIMATES  OF  ORGANIC  WASTES  GENERATED  - 1971  AND  1980 


Source 

1971 

1980 

1971-/ 

(Million  tons  per  year) 

Manure 

200 

266 

26.0 

Urban  refuse 

129 

222 

71.0 

Logging  and  wood  manuf.  residues 

55 

59 

5.0 

Agriculture  crops  and  food  wastes 

2/ 

390 

390 

22.6 

Industrial  wastes 

44 

50 

5.2 

Municipal  sewage  solids 

12 

14 

1.5 

Miscellaneous  organic  wastes 

50 

60 

5.0 

Total 

880 

1,061 

136.3 

New  oil  potential  (million  barrels)  1 

,098 

1,330 

170 

Net  gas  for  fuel  potential  (tril 

cu  ft) 

8.8 

10.6 

1.36 

1/  Organic  solids  available  for  conversion. 

2 J Assuming  70  percent  dry  organic  solids  in  major  agricultural  crop 
waste  solids. 
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must  be  recognized  that  even  if  this  preliminary  technology  could  be 
developed  to  commercial  feasibility,  only  a fraction  of  the  organic 
wastes  could  be  collected  with  a reasonable  amount  of  cost  and  effort 
for  application  of  this  process.  Nevertheless,  its  use  does  have  the 
potential  of  providing  a significant  supplemental  source  of  oil.  The 
process  lends  itself  to  essentially  pollution-free  operation  while  at 
the  same  time  offering  a solution  to  a portion  of  the  problem  of  solid- 
waste  disposal.  The  oil  so  derived  has  a low-sulfur  content  and  a high- 
heating  value.  If  only  half  of  the  organic  waste  could  be  converted  to 
oil,  it  could  supply  an  amount  equal  to  the  current  volume  of  residual 
fuel  oil  now  used  for  electrical  generation. 

Preliminary  research  has  been  done  in  closed,  batch  autoclaves.  Cur- 
rently, a continuous  unit  with  a capacity  of  20  pounds  per  hour  is 
being  operated. 

To  use  animal  waste  for  conversion  to  fuel  would  have  the  obvious  ad- 
vantages of  disposing  of  a pollutant  itself  and  recycling  it  into  a use- 
ful product.  Areas  of  high  population  density,  produce  greater  wastes 
and  would  have  a locally  available  source  of  fuel  in  proportion  to  their 
population.  Water  quality  problems  associated  with  organic  wastes  could 
be  alleviated.  The  residue  would  be  sterile  although  large  amounts  of 
bulk  material  would  still  have  to  be  placed  somewhere,  perhaps  as  land  fill. 

The  oil  produced  has  properties  varying  with  the  type  of  material  composing 
the  waste.  Bureau  of  Mines  studies  indicate  that  the  sulfur  contents  of 
oils  produced  from  various  sludges  would  meet  the  Federal  fuel  standards 
of  0.7  percent  sulfur. 


Percent  Sulfur 


Pineneedles  and  twigs 0.10 

Sewage  sludge. 64 

Municipal  refuse 13 

Cow  manure 37 

Cellulose 003-  6 . 2 


A distinct  advantage  in  waste  conversion  would  be  to  reduce  demand  on 
natural  resources  commensurate  with  the  amount  of  oil  and  gas  made  from 
these  wastes. 

Considerable  additional  work  over  a period  of  years  will  be  required  to 
move  from  the  present  early  stage  research  to  demonstration-type  opera- 
tions at  a commercial  scale  to  prove  technological  feasibility  and  to 
develop  adequate  economic  data.  No  cost  estimate  of  probable  commercial- 
scale  production  can  be  made  at  this  time. 

The  process  lends  itself  to  implementation  of  a waste  conversion  process 
which  will  recycle  waste  to  provide  fuel  resource  values  and,  at  the  same 


TV- 189 


time,  greatly  alleviate  many  of  the  critical  solid  waste  disposal  situa- 
tions confronting  the  Nation.  Water  quality  problems  associated  with 
feedlot  and  agricultural  wastes  could  be  mitigated.  The  need  for  land- 
fills or  other  volume  forms  of  disposal  would  be  greatly  reduced  as  the 
solid  residue  from  the  process  would  consist  of  the  mineral  constituents 
in  the  original  charge.  Its  quantity  would  be  small  and  because  it  would 
be  sterile  it  would  produce  no  problem  as  land-fill  material.  Since  the 
process  produces  a low-sulfur  oil  with  high-heat  value,  it  could  to  a 
limited  degree  replace  the  need  for  natural-oil  production  with  a cor- 
responding reduction  in  all  of  the  related  environmental  hazards  of  such 
production. 
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h.  Conservation  of  Energy 


An  alternative  to  a leasing  program  for  development  of  geothermal 
steam  could  be  accomplished  by  reduction  of  the  demand  for  energy. 
Energy  conservation  measures  may  be  broken  down  into  two  general 
categories,  namely,  "belt  tightening"  and  "leak' plugging."  "Belt 
tightening"  includes  actions  which  reduce  output  at  fixed  efficiency 
levels.  "Leak  plugging"  includes  actions  which  improve  the  efficiency 
of  energy  use  while  retaining  at  least  the  present  performance  level. 

The  most  significant  energy  conservation  measures  are  the  installa- 
tion of  improved  building  insulation;  adoption  of  more  efficient  air 
conditioning  systems;  a shift  of  intercity  freight  from  truck  to  rail 
and  consolidation  in  urban  freight  movement;  a shift  of  intercity 
passengers  from  air  to  ground  travel,  and  intracity  passengers  from 
automobiles  to  mass  transit;  and  the  introduction  of  more  efficient 
industrial  processes  and  equipment.  Before  any  of  these  actions  could 
be  put  into  effect,  an  assessment  must  be  made  of  the  environmental, 
economic,  legal,  and  social  impact,  as  well  as  public  acceptance. 

The  demand  for  energy  in  the  United  States  has  been  increasing  at  an 
average  rate  of  3.1  percent  annually  for  the  last  20  years.  Energy 
demand  in  the  rest  of  the  world  has  grown  at  a rate  nearly  double  that 
of  the  United  States  in  recent  years. 

Energy  demand  has  been  closely  correlated  with  gross  national  product, 
which,  in  turn,  is  closely  correlated  with  both  population  and  per 
capita  income.  The  increasing  use  of  energy  has,  therefore,  been 
correlated  with  increasing  affluence  and  a rising  material  standard 
of  living.  In  part,  perhaps  because  the  economic  cost  of  energy  has 
not  taken  full  account  of  environmental  costs  and  because  supplies 
of  resources  have  been  ample,  growth  in  energy  demand  has  been  little 
constrained  by  economic  considerations. 

The  per  capita  consumption,  based  upon  a current  base  forecast  of 
population  (Bureau  of  Census,  1970,  Series  D) , U.  S.  energy  demand  for 
1971,  and  projection  of  energy  demand  made  on  a "most  probable"  basis 
by  the  Department  of  the  Interior,  follows: 

Selected  Estimates 


Year 

Population 

of  Total  Gross  Energy 
Consumption 

Per  Capita 
Consumption 

(million) 

(trillion  Btu) 

(million  Btu) 

1970 

204.8 

68,989 

337 

1975 

216.6 

80,265 

371 

1980 

230.9 

96,020 

416 

1985 

246.3 

116,630 

474 

1990 

260.8 

140,480 

539 

Clearly,  the  increase  in  per  capital  consumption  is  far  more  important 
to  growth  in  energy  demand  than  the  growth  in  population.  At  zero 
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population 

growth  and  with  no 

net  immigration  (Bureau  of 

Census,  1970, 

Series  X) , 

growth  trends  would 

be  : 

Selected  Estimates 

of  Total  Gross  Energy 

Per  Capita 

Year 

Population 

Consumption 

Consumption 

(million) 

(quadrillion  Btu) 

(million  Btu) 

1970 

204.8 

69 

337 

1975 

216.6 

80 

371 

1980 

223.3 

93 

416 

1985 

233.2 

111 

474 

1990 

241.8 

130 

539 

The  continued  increase  in  population  to  1990,  despite  a zero  popula- 
tion growth  rate,  is  due  to  the  age  distribution  and  consequent 
fertility  expectations  in  the  existing  population. 

Efforts  at  education  and  encouragement  of  voluntary  family  planning 
are  policy  options,  but  the  foregoing  tables  show  that,  even  at  the 
extreme  of  immediate  zero  population  growth,  the  effect  on  total 
energy  demand  would  not  be  great  over  the  short-term  unless  prospec- 
tive demand  growth  is  slowed. 

Reduction  in  demand  is  possible  through  implementation  of  conserva- 
tion measures  directed  toward  the  four  consuming  sectors--Transporta- 
tion,  Resident ial/Commercial , Industry,  and  Utilities.  The  means  of 
implementing  these  measures  fall  into  three  categories:  (1)  standards 

and  regulations,  (2)  tax  incentives  (credits  and  penalties),  and  (3) 
educational  campaigns.  A recent  Office  of  Emergency  Preparedness 
(OEP)  publication,  "The  Potential  For  Energy  Conservation,"  dated 
October  1972,  outlines  various  energy  conservation  measures  and  esti- 
mates saving  of  energy  demand  that  may  be  realized  by  their  imple- 
mentation. 

The  following  possible  energy  conservation  measures  for  the  short- 
term (1972-1975),  mid-term  (1976-1980),  and  the  long-term  (beyond 
1980)  for  the  four  consuming  sectors  are  summarized  from  the  OEP 
report : 

(1)  Short-Term  Measures  (1972-1975) 

Transportation  - Conduct  educational  programs  to  stimulate 
public  awareness  of  energy  conservation  in  the  transportation 
sector;  establish  government  energy  efficiency  standards;  im- 
prove airplane  load  factors;  promote  development  of  smaller 
engines/vehicles;  improve  traffic  flow;  improve  mass  transit  and 
intercity  rail  and  air  transport;  promote  automobile  energy- 
efficiency  through  low  loss  tires  and  engine  tuning. 

Savings  -1.9  QBTU/yr ^ 


1/  Quadrillion  BTU 
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Residential/ Commercial  - Provide  tax  incentives  and  insured  loans 
to  encourage  improved  insulation  in  homes ; encourage  use  of  more 
efficient  appliances  and  adoption  of  good  conservation  practices. 

Savings  - 0.2  QBTU/yr. 

Industry  - Increase  energy  price  to  encourage  improvement  of 
processes  and  replacement  of  inefficient  equipment;  provide  tax 
incentives  to  encourage  recycling  and  reusing  of  component 
materials . 

Savings  - 1.9  - 3.5  QBTU/yr. 

Electric  Utilities  - Smooth  out  daily  demand  cycle  by  means  of 
government  regulations;  facilitate  new  construction;  decrease 
electricity  demand. 

Savings  - 1.0  QBTU/yr. 

(2)  Mid-Term  Measures  (1976-1980) 

Transportation  - Improve  freight  handling  systems;  support  pilot 
implementation  of  most  promising  alternatives  to  internal  com- 
bustion engine;  set  tax  on  size  and  power  of  autos;  support  im- 
proved truck  engines;  require  energy-efficient  operating  proce- 
dures for  airplanes;  provide  subsidies  and  matching  grants  for 
mass  transit;  ban  autos  within  the  inner  city;  provide  subsidies 
for  intercity  rail  networks;  decrease  transportation  demand 
through  urban  refurbishing  projects  and  long-range  urban/suburban 
planning. 

Savings  - 4.8  QBTU/yr. 

Residential/ Commercial  - Establish  upgraded  construction  standards 
and  tax  incentives  and  regulations  to  promote  design  and  con- 
struction of  energy-efficient  dwellings  including  the  use  of  the 
"total  energy  concept"  for  multi-family  dwellings;  provide  tax  incen- 
tives, research  and  development  funds  and  regulations  to  promote  energy 
efficient  appliances,  central  air  conditioning,  water  heaters  and  lighting. 

Savings  - 5.1  QBTU/yr. 

Industry  - Establish  energy  use  tax  to  provide  incentive  to  up- 
grade processes  and  replace  inefficient  equipment;  promote  re- 
search for  more  efficient  technologies;  provide  tax  incentives 
to  encourage  recycling  and  reusing  component  materials. 

Savings  - 4.5  - 6.4  QBTU/yr. 
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Electric  Utilities  - Restructure  rates  for  heavy  uses  to  smooth 
out  demand  cycle;  facilitate  new  construction. 

Savings  - 1.1  QBTU/yr. 

(3)  Long-Term  Measures  (beyond  1980) 

Transportation  - Provide  R&D  support  for  hybrid  engines,  non- 
petroleum engines,  advanced  traffic  control  systems,  dual  mode 
personal  rapid  transit,  high  speed  transit,  new  freight  systems 
and  people  movers;  decrease  demand  through  rationing  and  finan- 
cial support  for  urban  development  and  reconstruction. 

Savings  - 8 QBTU/yr. 

Residential/ Commercial  - Provide  tax  incentives  and  regulations 
to  encourage  demolition  of  old  buildings  and  construction  of 
energy-efficient  new  buildings;  R&D  funding  to  develop  new 
energy  sources  (solar,  wind  power). 

Savings  - 15  QBTU/yr. 

Industry  - Establish  energy  use  tax  to  provide  incentive  for  up 
grading  processes  and  replacing  inefficient  equipment;  promote 
research  in  efficient  technologies;  provide  tax  incentives  to 
encourage  recycling  and  reusing  component  materials. 

Savings  - 9 - 12  QBTU/yr. 

Electric  Utilities  - Smooth  out  daily  demand  cycle  through 
government  regulation;  facilitate  new  construction;  support  R&D 
efforts . 

Savings  - 1.4  QBTU/yr. 

Advances  in  technology  offer  promise  of  increasing  the  efficiency  of 
extraction  of  energy  from  fuels.  Examples  include  fuel  cells,  magne- 
tohydrodynamica,  and  breeder  reactors. 

A major  consideration  in  restricting  demands  for  energy  is  the  rela- 
tionship between  the  cost  involved  in  accomplishing  such  restriction 
and  the  environmental  damage  which  would  be  prevented  thereby.  In 
general,  the  cost -benefit  ratio  of  reducing  energy  demand  would  vary 
considerably,  depending  upon  the  existence,  the  level,  and  the  effec- 
tiveness of  environmental  protection  measures  adopted. 
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